
THE JOURNAL 

OF 

EXPERIMENTAL MEDICINE 


EDITED BY 

SIMON FLEXNER, M-D. 


PEYTON ROUS, M,D. 


VOLUME XLIX, No. 6 


JUNE 1, 1929 



CoFmcHT, 1929 , BY The Roci^teuxb Iksittute toe Medical Research 


Ea’cftd as ?ec«ad-c!sss matter June 3, J5l6, at tlie Post 05ce at Baltimore, JId., tiader tie ect of Marci 3, 1S97, 
Accepted lor mailx^ at spedal rate cl posusc pnnnded for in setlioa 1103, act of Ocfobtt* 3, 1917» 
Antbon^ jnee 29, 19J8. 


Mcdc in the VntUd Steles of Amaicc 



PUBLICATIONS OF THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 

THE JOURNAL OF EXPERIMENTAL MEDICINE 


Edited by 


\ 


Simon Flexner, M.D. 


Peyton Rous, M.D. 


The Journal of Experimental Medicine is designed to cover the field of experimental medicine. 
Information regarding contributions and subscriptions is given in full on the back cover. 


THE JOURNAL OF GENERAL PHYSIOLOGY 
Edited by 

W. J. Crozier ' W. J. V, OSTERHOUT JonN H. Northrop 

The Journal of General Physiology is devoted to the explanation of life phenomena on the basis of 
the physical and chemical constitution of living matter. It is issued bimonthly, one volume of about 
600 pages appearing in a year. The subscription price per year (one volume) is $5.00, payable in 
advance. Single copies cost $1.00, Remittances should be made by draft or check on New York, or by 
postal money order, payable to The Journal of General Physiology, Mount Ro 3 '‘aI and Guilford Avenues, 
Baltimore, Md., or York Avenue and 66th Street, New York, N. Y, 

STUDIES FROM THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 

The pubHshed results of investigations conducted at the Institute, or under its grants, are repub- 
lished at irregular intervals in volumes designated Studies from The Rockefeller Institute for Medical 
Research. The subscription price is $2.00 per volume, payable in advance. A special rate of $1.00 per 
volume is made to those who subscribe to The Journal of Experimciital Medicine, or The Journal of 
General Physiology. Remittances should be made hy draft or check on New York, or by postal monc>" 
order, payable to The Rockefeller Institute for Medical Research, York Avenue and 66th Street, New 
York, N.Y. 

An Index for Volumes I to XXV and one for Volumes XXVI to L ha\^e been published. 


SEMIANNUAL LIST 

The Institute publishes a Soniannual List of all papers by members of the staff and those working 
under grants from the Institute, stating the title and place of publication of these reports. The Semi- 
annual List will be sent regularly upon application. 


MONOGRAPHS OF THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 

Under the head of Monographs of The Rockefeller Institute for Medical Research arc published from 
time to time scientific papers which arc so extensive, or require such elaborate illustrations, as to render 
them unsuitable for current periodical issues. The Monographs are published at irregular periods, 
determined by the available material on hand. A number of free copies, which raa}’ be 50 or less 
according to the size of the Monograph, arc given to the author. Monographs will be sent post paid on 
application, payable in advance. Remittances should be made by draft or check on New York, or by 
postal money order, pa 3 '^able to The Rockefeller Institute for Medical Research, York Avenue and 
66th Street, New York, N. Y. 

•No. 1. Simon Fle.>ot:r, J. W. Jobung, and Maud L. ^Ienten. Experimental studies on tumor. 
Plates 1-28. (Issued June 30, 1910.) Price, $1.00. 


•Out of print 


WAVERLY PRESS 
BALTOfoitr, U. S. A, 



THE JOURNAL OF 
EXPERIMENTAL MEDICINE 




THE JOURNAL 

OF 

EXPERIMENTAL MEDICINE 


EDITED BY 

SmON FLEXNER, M.D. PEYTON ROUS, M.D. 

VOLUME FORTY-NINTH 

WITH FORTY-SEVEN PLATES AND ONE HUNDRED AND 
THIRTY FIGURES IN THE TEXT 



NEW YORK 

THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 
1929 



CopvRiGnx, 1929, by The Rockefeller Institute for I^Iedical Research 


WAVERLY PRESS 
Tnn WrtUAMs & Wilkins Coupanv 
Baltimori:, U. S. A. 



CONTENTS. 

No. 1, January 1, 1929. 

PAGE 

Vakd, Hugh K., and Tang, Fei-Fang. A note on the filtration 

of the virus of herpetic encephalitis and of vaedrda 1 

JUNK, Fkederice: B., and VonGlahn, William C. A chemi- 
cal and pathologic study of the effects of copper on the liver. 

Plate ^ 

^Vent, Stephen, and Drinker, Cecil K. Studies in asthma. 

Vn. The pulmonary circulation in the guinea pig during 

anaphylactic shock 21 

Neill, James M., and Fleming, Wilixam L. Studies on hyper- 
sensitiveness to diphtheria bacilli. I. An “immediate’^ 
skin reaction which can be passively transferred. Plates 2 

to 5 .... 1 33 

Eggerth, Arnold H. The germicidal and hemolytic action of 

a-brom soaps 53 

Pappenheimer, Alwin M., Dunn, Leslie C., and Cone, 
Vernon. Studies on fowl paralysis (neurolymphomatosis 
gallinarum). I. Clinical features and pathology. Plates 

6 to 12 63 

Pappenheimer, Ali\un ]\I., Dunn, Leslie C., and Seidlin, S. ' 

M. Studies on fowl paralysis (neurol}mphomatosis gal- 
linarum). II. Transmission experiments 87 

BRO^^"N, Wade H, Calcium and inorganic phosphorus in the 
blood of rabbits. I\^. Influence of light environment on 

normal rabbits 103 

Jungeblut, Claus W., and Schultz, Edwin W. Studies on 

the sensitizing properties of the bacteriophage 127 

Bauer, Walter, Aub, Joseph C., and Albright, Fuller. 
Studies of calcium and phosphorus metabolism. V. A 
study of the bone trabecula3 as a readily available reserve 
supply of calcium. Plates 13 to 17 ' ' 


V 



vi 


CONTENTS 


No. 2, February 1, 1929. 

PAGE 

Baker, Lillian E. The chemical nature of the substances 
required for cell multiplication. II. Action of glutathione, 
hemoglobin, and ash of liver on the growth of fibroblasts .... 163 

Sugg, John Y., and Neill, James M. Studies on immunologi- 
cal relationsliips among the pneumococci. III. Relation- 
ship between a variety of Saccharomyccs coxvisix and the 
Type II variety of Diplococcus pncumonix (pneumococcus) . 1 S3 

Gye, W. E., and Mueller, J. Howard. An experimental 

study of the etiolog}’' of Chicken Sarcoma I (Rous) 195 

Robscheit-Robbins, F. S., and Whipple, G. H. Blood regenera- 
tion in severe anemia. XIV. A liver fraction potent in 
pernicious anemia fed alone and combined with whole liver, 

liver ash, and fresh bile 215 

Scott, Gordon H. Studies on the submaxillary virus of guinea 
pigs. I. The effect of duct ligation and pilocarpine adminis- 
, tration upon the cellular response to the virus. Plates 18 

to 20 : 229 

Reimann, Hobart A. The reversion of R to S pneumococci. . . 237 

Avery, Oswald T., and Tillett, William S. Anaphylaxis 

with the type-specific carbohydrates of pneumococcus 251 

Goebel, Walther F., and Avery, Oswald T. A study of 

pneumococcus autolysis 267 

Harnes, Alvin R. Biometry of calcium, inorganic phosphorus, 
cholesterol, and lipoid phosphorus in the blood of rabbits. 

II. Repeated observations on normal animals, 287 

Christie, Ronald V., and Loomis, Alfred L. The relation of 
frequency to the physiological effects of ultra-high frequency 

currents 303 

Forkner, Claude E. Material from l}Tnph nodes. IV. The 
heterology of lymphoid tissue with special reference to the 
monocyte — supravital studies. Plates 21 to 24 323 

No. 3, March 1, 1929. 

Ehrich, Wilhelm. Studies of the l3Tnphatic tissue. III. 
Experimental studies of the relation of the l}Tnphatic tissue 
to the number of Ijunphocytes in the blood in subcutaneous 
infection with staphylococci. Plates 25 and 26 347 



CONTENTS VU 

PAGE 

Eheich, W TriTF TM. Studies of the Ijonphatic tissue. IV. 
Experimental studies of the effect of the intravenous injec- 
tion of killed staphylococci on the beha\nor of lymphatic 
tissue, thjTnus, and the vascular connective tissue. Plates 

27 to 30 

hlAcNiDER, William deB. The development of the chronic 
nephritis induced in the dog by uranium nitrate. A func- 
tional and pathological study -with observations on the 
formation of urine by the altered kidne 3 's. Plates 31 to 33 . 3S7 

hlAcNiDER, William deB. The functional and pathological 
response of the kidney in dogs subjected to a second subcu- 
taneous injection of uranium nitrate. Plates3-lto37 411 

Rous, Peyton, and Druey, Douglas R. Outljdng acidosis due 

to functional ischemia 435 

Cooper, Georgia, Edwards, Marguerite, and Rosenstein, 
Carolyn. The separation of tj^pes among the pneumococci 
hitherto called Group W and the development of therapeutic 

antiserums for these types 461 

Lowenstein, Loms, Flemixg, Willlam L., and Neill, James 
;M. Studies on bacterial enzjmes. \TI. Lactase and 

lipase of the colon bacillus 475 

Zeckwer, Isolde T., and Nadler, J. Ernest. The nature of 
the h^^erglyceinia associated nith anaphylactic shock in 

the dog 481 

R,\msdell, Susan Griffith, and Davidsohn, I. The toxicitj* 

of human serum for the guinea pig 497 

Dubos, Rene. Obser\'ations on the oxidation-reduction proper- 
ties of sterile bacteriological media 507 

No. 4, April 1 , 1929. 

Orr, Thoil\s G., and BLaden, Russell L. Treatment of 
e-xperimental acute general peritonitis in the dog with ileos- 
tomy and sodium chloride solution 525 

Churchill, Edward D., and Cope, Olitor. The rapid shallow 

breathing resulting from pulmonaiy- congestion and edema. 531 
N\e, Robert N., and Seeg.vl, Daatd. Non-hemolytic strepto- 
cocci and acute rheumatic fever 539 



viii 


CONTENTS 


TAOE 

Dubos, Rene. The initiation of growth of certain facultative 
anaerobes as related to oxidation-reduction processes in the 

medium . 559 

Dubos, Rene. The relation of the bacteriostatic action of 

certain dyes to oxidation-reduction processes 575 

Shwartzman, Gregory. Studies on Bacillus typhosus to.xic 
substances. II. The effect of sera upon the factors deter- 
mining local skin reactivity to filtrates of Bacillus typhosus 

cultures 593 

Ringer, Carl A. L., Christie, Ronald V., Davis, John 
Staige, Jr., and Hiller, Alma. Blood clfforides in condi- 
tions associated with pneumonia 603 

Derick, C. L., and Swift, Hoaier F. Reactions of rabbits to 
non-hemolytic streptococci. I. General tuberculin-like 
hypersensitiveness, allergy, or hyperergy following the sec- 
ondary reaction 615 

Hitchcock, C. H., and Savift, Homer F. Studies on indifferent 
streptococci. III. The allergizing capacity of different 

strains 637 

Kligler, I. J., Muckenfuss, R. S., and Rivers, T. M. Trans- 
mission of fowl-pox by mosquitoes. Plates 3S to 41 649 

Zinsser, Hans. Herpes encephalitis in Cehus monkeys. Plates 

42 and 43 661 

Smith, Theobald. A strain of Bacillus abortus from swine 671 

Reinhold, John G., and Ferguson, L. Kraaer. The re- 
action of human bile and its relation to gall stone formation . 681 

Parker, Julia T. Differentiation between some toxic sub- 
stances in anaerobically produced autolysates of pneumo- 
cocci (Types I and H) 695 

Rhoads, C. P. Survival of the virus of poliomyelitis for eight 

years in glycerol 701 

No. 5, May 1, 1929. 

Brown, Herman, and Ramsdell, Susan Griffith. Blood 

calcium distribution in anaphylaxis in the guinea pig 705 



CONTENTS 


Coulter, CAL^'1N B and Is.aacs, Moses L. Oxidation-reduc- 
tion equilibria in biological systems. II. Potentials of 

aerobic cultures of B. typhosus 

Forth, J., and Landsteiner, KL. Studies on tbe precipitable 

substances of badlii of the Salmonella group 

hIcMASTER, Philip D., and Drurv, D. R. The production of 

partial liver insufficiency in rabbits 

Drurv, D . R. Total surgical removal of the liver in rabbits 

Drury, D. R., and McMaster, Philir D. The relation of the 
liver to fat metabolism. I. Effect of liver lack on fat com- 
bustion and the respiratory quotient 

hluDD, Stuart, Lucre, Balduin, McCuxcheon, jMorton, and 
Struiua, jMax. On the mechanism of opsonin and bacterio- 
tropin action. I. Correlation between changes in bacterial 
surface properties and in phagoc>i:osis caused by sera of 

animals under immunization 

Lucre, Balduin, jMcCutcheon, Morton, Struhla, Max, and 
]\IUDD, Stuart. On the mechanism of opsonin and 
bacteriotropin action. II. Correlation between changes in 
bacterial surface properties and in phagocytosis caused by 

normal and immune sera 

McCutcheon, Morton, Struhia, AIax, Mudd, Stuart, Mudd, 
Euilv B . H., and LucRff , Balduin. On the mechanism of 
opsonin and bacteriotropin action, m. The development 
and effect of the antibodies found in experimental tubercu- 
losis of rabbits 

Ratner, Bret, and Gruehl, Helen Lee. Transmission of 
respiratory anaphylaxis (asthma) from mother to offspring . 
Heidelberger, jMichael, Avery, Osw.ald T., and Goebel, 
W aether F. a “soluble specific substance” derived from 
gum arabic 

Harnes, Alvin R. Biometry of calcium, inorganic phosphorus, 
cholesterol, and lipoid phosphorus in the blood of rabbits. 

III. Influence of various types of light environment 

Sutet, Homer F., and Derick, C. L. Reactions of rabbits to 
non-hemolytic streptococci. II. Skin reactions in intrave- 
nously immunized animals 


ix 

FACE 

711 

727 

743 

759 

765 

779 

797 

815 

833 

847 

859 

883 



X 


CONTENTS 


No. 6, June 1, 1929. 

PAGE 

Rr^ers, T. M., and Eldridge, L. A., Jr. Relation of varicella 

to herpes zoster. I. Statistical observations S99 

Rivers, T. M., and Eldridge, L. A., Jr. Relation of varicella 
to herpes zoster. II. Clinical and experimental observa- 
tions 907 

Purdy, Helen A. Immunologic reactions with tobacco mosaic 

virus 919 

Riecker, Herman H. The relation of chromatin to hemoglobin 

apd bilirubin. Plate 44 937 

Haden, Russell L., and Orr, Thomas G. Experimental dehy- 
dration : chemical changes in the blood of the dog contrasted 
\vith those following obstruction of the cardiac end of the 

stomach 945 

Haden, Russell L., and Orr, Thomas G. Chemical findings in 
the blood of the dog after closed-loop obstruction of the 

jejunum 955 

Stewart, F. W., and Rhoads, C. P. Intradermal versus 
subcutaneous immunization of monkeys against poliomye- 
litis 959 

Davis, N. C., and Burke, A. W. Studies on South American 
yellow fever. I. The strains of virus -in use at the Yellow 

Fever Laboratory in Bahia, Brazil 975 

Davis, Nelson C. Studies on South American yellow fever. 

II. Immunity of recovered monkeys to African virus 985 

Noguchi, Hideyo, Shannon, Raymond C., Tilden, Evelyn B., 
and Tyler, Joseph R. Etiology of Oroya fever. XIV. The 

insect vectors of Carrion’s disease. Plates 45 to 47 993 

Index to Volume XLIX 1009 



relation of varicella to herpes zoster. 

I. Statistical Observations. 

By T. M. rivers, M J3., ai.t5 L. A. ELDRTDGE, Je., M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, February 13, 1929.) 

Varicella, herpes simples, and herpes zoster are diseases charac- 
terized by vesicular eruptions in the skin. Maaoscopically and 
microscopically the individual lesions (1-4) in these maladies are 
frequently very similar. In spite of the striking similarity eshibited 
by the individual lesions, the picture as a whole, i.e., distribution of the 
rash and immtme reactions, is as a rule characteristic for each disease. 

It is now generally believed that varicella and varioloid are caused by diEerent 
viruses. Such a remark at present is trite, but a hundred years ago the diSerence 
between the diseases was questioned by many observers, and certain workers (5), 
even 30 years after Jenner*s report on vacdnation, stiU thought that chicken-pox 
and smallpox were produced by the same infectious agent. 

Herpes simplex is so frequently associated with other diseases, e.g., pneumonia, 
meningitis, malaria, that the name of symptomatic herpes is often used in referring 
to it. Through the recent work of Griiter (6) , Lowenstein (7) , and others, it is now 
known that this type of herpes, occurring alone or in connection with other diseases, 
is caused by a specific virus. As soon as it was admitted to the virus group, a dis- 
cussion arose regarding its relation to herpes zoster. From Cole and Kuttneris 
(8) review of the literature and from their work concerning the identity of the 
diseases, it seems unlikely that the majority of cases of herpes simplex and herpes 
zoster are caused by the same virus. 

Herpes zoster, because of its frequent association with injury of nerves and 
spinal ganglia, for a long time (1861) was considered to be a manifestation of 
trophic disturbances in the skin attendant upon altered innervation. This concep- 
tion, however, of the etiology was not applicable to all cases of zoster, and soon 
(1878) certain cases came to be looked upon as being caused by an infectious agent. 
In 1900, Head and Campbell (9) reviewed the literature and presented their work 
upon the subject. 'Riey concluded, because of the changes observed in the spinal 
gan^a and nerves, in the skin, and in the lymph nodes, that many of their cases of 
zoster were produced by a specific 'snrus . Other cases, however, were thought to be 
caused not by a virus but by a mechanical or chemical irritation of spinal ganglia. 

899 
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RELATION OF VARICELLA TO HERRES ZOSTER* I 


In 1909 Bokay (10) set forth a hypotliesis, based on clinical observations, that 
some cases of zoster (herpes zoster varicellosa) are caused by tlie virus of chicken- 
pox and that such cases are capable of giving rise to varicella in* exposed susceptible 
individuals. Following Bokay^s report, numerous obser\^ations confirming or 
refuting his idea have been recorded. Most of the reports are similar to those 
made a hundred years ago in regard to the relation of chicken-pox to varioloid 
and smallpox and consist in recording the occurrence of varicella in individuals 
exposed to zoster and vice versa or in relating the coexistence of the two diseases in 
the same person or in individuals in the same family. Chicken-pox is a common 
disease and zoster is not rare (11), consequently reports of tlie nature above men- 
tioned are of little value, inasmuch as coincidence alone doubtless accounts for 
the apparent relation of the two diseases in certain instances. Hiere are reports, 
however, of a different nature that must be considered seriously. These will be 
discussed in the second paper of tliis series. 

The real problem regarding the diseases under discussion is not 
whether the virus of herpes simplex under rare conditions can cause a 
disease indistinguishable from zoster, or whether the virus of varicella 
under the proper circumstances is capable of producing a malady 
similar to zoster and vice versa ^ but whether there are 3 distinct viruses, 
though they be very much alike in certain respects, each of wliich as a 
rule causing a distinct clinical picture, herpes simplex, herpes zoster, 
and varicella. If the same virus is instrumental in producing the 
majority of the cases of any 2 of the diseases, certain types of statis- 
tical data should reveal this fact. The purpose of the present paper is 
to present such data that seems to bear upon the identity of the 
causal agents of the majority of cases of herpes zoster and varicella. 

Methods and Materials. 

Herpes Zoster , — The records of cases of herpes zoster at the Bellevue and Vander- 
bilt clinics were examined and from them information concerning tlie monthly 
incidence and the age incidence of tlie disease was obtained. The selected clinics 
are large and their records undoubtedly are good indices of the prevalence of zoster 
at any given time throughout New York Cit 3 ^ M 

Varicella , — ^The data concerning tlie monthl}^ incidence of chicken-pox in New 
York City from Jan., 1914, through July, 1926, and from Aug., 1926, tlirough 
Dec., 1926, were obtained respectively from the hlonthly and the Weekly Bulletins 
of the Department of Health of the City of New York. The information regarding 
the age incidence of varicella was derived from tlie records of cases of cliicken-pox 
observed at the Rockefeller Hospital, 1922-28. 
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lUeiATION OF VARICELLA TO HERPES ZOSTER. I 


TABLE m 


Tahulaiionof tlieNumberof Casesof Herpes Zoster Observed Each Month for 13 Years 

at the Bellevue Clinic, 


Year 

d 

4. 

Feb. 


o. 

< 

May 

June 

July 

bO 

a 

w 

u 

O 


Dec 

Cl 

73 

Female 

1914 

2 


1 

5 

1 

3 

2 

3 

1 

2 

1 

2 

E 

11 

1915 

3 


5 

0 

2 
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1 

2 

4 

3 

2 

2 


14 

1916 
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2 

2 

2 

0 

3 

1 

1 

1 

2 

4 

R 

8 

1917 

1 

2 

1 

3 

2 

0 

0 

2 

4 

2 

2 

2 

R 

9 

1918 

6 

0 

2 

0 

2 

4 

2 

1 

3 

2 

2 

0 

15 

9 

1919 

4 

5 

5 

1 

2 

4 

0 

2 

1 

4 

0 

3 

19 

12 

1920 

2 

3 

3 

2 

3 

3 

0 

4 

3 

3 

2 

3 

19 

12 

1921 ] 

2 j 

3 

5 

2 j 

1 

3 

S 

4 

3 

3 

4 

2 

24 

13 

1922 

8 

5 

2 

3 

7 

2 

4 

2 

4 

3 

7 

1 

35 

13 

1923 

4 ! 

3 

2 


7 

5 

4 

2 

2 

4 

1 

5 

32 

14 

1924 

2 

2 

3 


4 

4 

3 

2 

3 

6 , 


3 

30, 

9 

1925 

1 5 

3 

4 


3 

5 

2 

3 

5 

0 


3 

31 

7 

1926 

4 

5 

0 


1 5 

1 

3 

4 

I <5 

4 

0 

1 

4 

24 

14 

Total 

43 

34 

35 

33 . 

41 

40 

30 

34 

38 

33 

30 

34 

280 

145 

Mean 1914r-26. . 

3.3 

2.6 

2.7 

2.5 

3.2 

3.1 

2.3 

m 

m 

2.5 

2.3 

2.6; 



Mean 1922-26. . 

4.6 

3.6 

2.2 

3.6 

' 5.2 

3.8 

3.4 



2.6 

3.0 

3.2| 




TABLE nr. 


Tahidation of the Number of Cases of Herpes Zoster Observed Each Month for 5 Years 

at the Vanderbilt Clinic, 


Year 

' Jan. 

1 Feb. 



ilay 

June 

July 

Aug. 

i 

Sept. 

Oct. 

Nov. 

Dec. 


3 

2 

3 

0 

3 

5 

1 

4 

1 

1 

1 

3 

2 


1 

3 

2 

1 

5 

5 

3 

5 

2 

6 

2 

5 

1924 

4 

2 

2 

0 

2 

5 

5 

5 

5 

1 

0 

0 

1925 

3 

4 

3 

3 

2 

2 

2 

1 

8 

1 1 

1 1 

2 

1926 

1 

0 

1 

3 

1 

4 

4 

3 

0 

2 

1 

5 


4 

Total...' 

12 1 

11 1 

13 1 

5 j 

16 1 

21 

14 

15 

18 

! 14 

■ 

' 13 

Mean, . . 

2.4 

2.2 

2.6 

1 

3.2 

4.2 

2.8 

3.0 

3.6 

2.8 

' 1.4 

2.6 


RESULTS. 

Monthly Incidence of Zoster and Varicella. 

In New York City during the 13 years, 1914-26, 95,994 cases of 
chicken-pox were reported. In Table I these cases have been set down 
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in a manner to indicate the inddence of the disease for each month 
during the 13 years. At the Bellevue diaic, 425 cases of herpes 
zoster -were observ'ed during the same period of 13 years, and 159 



Figs. 1-4. Ctm-es showing the monthly inddence of varicella in New York 
City and hctpes zoster in the Vanderbilt and Bellevue clinics. 


cases were registered at the Vanderbift dizdc during the 5 years, 1922- 
26. In Tables n and IH these cases of aoster have been arranged 
according to their monthly inddence. The significant features of the 
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information in Tables I to III have been graphically portrayed in 
Figs. 1 to 4. 

Examination of the tables and figures dealing with the monthly 
incidence of varicella and zoster reveals the fact that a remarkably 
constant seasonal variation occurs in the number of cases of chicken- 
pox reported, while such variation in the prevalence of zoster is not 
very obvious. In fact, when the mean of a large number of cases over 

a period of many years is plotted 



Fig. 5. Distribution curves illustra- 
ting the age incidence of varicella and 
herpes zoster. 


(Fig. 4), the curve indicating the 
monthly incidence of zoster ap- 
proaches a straight line. 

Age Incidence of Zoster and 
Varicella. 

In Table IV the age of 457 cases 
of zoster and of 318 cases of 
chicken-pox has been indicated. 
From the data in Table W, dis- 
tribution curves (Fig. 5) for the 2 
diseases have been plotted. From 
the facts presented in Table IV 
and Fig. 5, it is quite evident 
that varicella occurs for the most 
part in individuals under 10 years 
of age, while zoster most frequently 
appears in the 2d, 3d, 4th, 5th and 
6th decades of life. Obviously 
there is a striking difference in the 
age incidence of these diseases. 


DISCUSSION. 

The difference in the age incidence of herpes zoster and varicella has 
been well recognized for a long time (11) and facts concerning it are 
again presented in this paper merely for emphasis. That there is a 
constant seasonal variation in the prevalence of chicken-pox is also 
well known, and certain authors (9, 12) have recorded observations 
concerning the monthly incidence of zoster. Up to the present time, 
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however, very few attempts have been made to compare the number of 
cases of these diseases occurring simultaneously in the same locality. 
Perutz (13) made such a comparison in 2 districts of Vienna for the 
years 1923-25 and found that the curves of monthly incidence of the 
2 diseases did not parallel each other. Moreover, Cantor (14) reports 
that on Christmas Island, ' Straits Settlement, where excellent vital 

TABLE IV.' 

A Tahiilaiion of Varicella and Herpes Zoster Cases Showing the Difference in the Age 
Incidence of the 2 Diseases, 


Herpes Zoster, Bellevue Clinic, 1913-27, 457 Cases. 
Varicella, Rockefeller Hospital, 1922-2S, 318 Cases. 


m 


Van- 1 
cella 

Ase 

Zostci 

Vari- 

ceUa 

Age 

Zoster 

Vari- 

cella 

Age 

Zoster 

Vari- 

cella 

0 

1 

IS 

19 

13 

2 

38 

s 

1 

57 

6 

0 

1 

1 

32 

20 

7 

5 

39 

3 

0 

58 

8 

0 

2 

1 

27 

21 

6 

0 

40 

12 

1 

59 

6 

0 

3 

4 

48 

22 

6 

1 

41 

7 

0 

60 

9 

0 

4 

2 

38 

23 

6 

1 

42 

10 

0 

61 

2 

0 

5 

6 

45 

24 

4 

0 

43 

5 

0 

62 

4 

0 

6 

6 

39 

25 

8 

4 

44 

6 

0 

63 

0 

0 

7 

7 

17 

26 

13 

0 

45 

7 

.0 

64 

5 

0 

8 

7 

11 

27 

10 

! 3 

46 

8 

0 

65 

6 

0 

9 

6 

8 

28 

4 

0 

47 

5 

0 

66 

4 

0 

10 

11 

4 

29 ' 

7 ' 

1 

48 

5 1 

0 

67 

1 

0 

11 

11 

2 

30 

4 

0 

49 

10 

0 

68 

3 

0 

12 

9 

2 1 

31 

5 

0 

50 

12 

0 

69 

3 

0 

13 

13 

1 

32 

9 

1 

51 

6 

0 

70 

1 

0 

14 

10 

2 

33 

5 

2 

52 

11 

0 

71 

0 

0 

15 

3 

2 

34 

7 

0 

53 

7 

0 1 

72 

2 

0 

16 

9 

0 

35 

8 

0 

54 

5 

0 1 

73 

2 

0 

17 

6 

0 

36 

6 

0 

55 

5 

0 

74 

2 

0 

18 

6 

0 

37 

5 

0 

56 

6 

0 

75 

3 

0 


statistics have been kept for 20 years, chicken-po.x is unknown, while 
the usual amount of herpes zoster is observed. The statistical 
observations recorded in the present paper are further evidence in favor 

^ ‘ This island was uni^ahited before 1888. The population, 500 to 1500 con- 
sists of Europeans, Indians, Malays, and Chinese. Both sexes and aU aci are 
represented. 
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of the idea that the majority of cases of herpes zoster is not caused by 
the virus of varicella. 


SUMMARY. 

Varicella most frequently occurs in individuals under 10 years of age, 
while zoster as a rule is observed in persons beyond that age. The 
number of cases of varicella exhibits a markedly constant seasonal 
variation. The variations in the prevalence of herpes zoster are not 
regular and do not parallel those of varicella. 
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Tt> the preceding paper (1) the problem relating to the identity of 
the causal agents of varicella and herpes zoster was stated. The 
mere occurrence of varicella in an individual following exposure to 
herpes zoster might easily be explained upon coincidence. Certain 
other observations, however, dealing with complement fixation work, 
inoculation experiments, and protection tests conducted with conva- 
lescent sera deserve serious consideration. 

Xetter (2) and Netter and Urbain (3), de Lange (4), and others, because of their 
results with complement fixation tests, contend that the etiological agents of 
zoster and varicella are quite frequently identical, Lauda and Silberstem (5), 
however, were imable to confirm these observations. Kxmdratitz (6) and Lip- 
schiitz and Kundratitz (7) inoculated 28 children rmder 5 years of age with material 
from herpes zoster patients in the hope of immunizing them against chicken-pox. 
In 17 of the children a local reaction, characterized by papules and vesicles, was 
observed at the point of inoculation. The children were subsequently foimd to 
be immune to varicella. These writers also daim that injections of convalescent 
herpes zoster serum will protect exposed children against varicella. Lauda and 
Stbhr (8) inoculated 54 children with material from 17 cases of herpes zoster, and 
in none of them did they observe a local reaction at the site of the inoculation. 
Three of the inoculated children and 3 other xminoculated infants who came in 
contact vdth some of the zoster patients developed typical chicken-pox 2 or 3 
weeks after exposure. These workers were unable to demonstrate that conva- 
lescent zoster serum protects against varicella and conclude from the results of 
their work that the majority of cases of zoster are not caused by the virus of 
chicken-pox. 

Chicken-pox is a highly contagious &ease, but for a long time doubt existed in 
regard to its inoculabiiity. A great deal of this doubt arose from the fact that 
most of the experimental inoculations were made during epidemics of varicella and 
exposures to the disease under natural conditions could not absolutely be elimi- 
nated. Nevertheless, in spite of these difficulties, it has been shown (9) that 
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varicella is inoculable. Successful experiments, however, -are not as constant as 
one might suppose when considering the extremely contagious nature of tlie 
disease. Evidence is accumulating in favor of the idea that zoster also is caused 
by a virus, but tlie question as to its inoculability in humans is still moot. 

If it were possible without difficulty to produce varicella and zoster 
in animals, the relation of the two diseases would be settled quickly. 
It is very doubtful if the virus that causes the majority of cases of 
zoster has been propagated in experimental animals. With one ex- 
ception this is also true in regard to varicella. Certain kinds of 
monkeys {Cercopiihccus sabxiis and Cercopithecus lalandi) are suscep- 
tible to the virus of chicken-pox. Even in these animals tlie results 
are irregular and the evidence of infection consists of the occurrence 
of acidophilic nuclear inclusions in affected cells of inoculated testicles. 
These inclusions, however, do not occur in controls and their appear- 
ance is regularly prevented by convalescent varicella serum (10, 11). 
In view of the regularity with which convalescent varicella serum 
prevents these inclusions in testicles inoculated with chicken-pox 
virus, it seemed likely that information regarding the identity of vari- 
cella and zoster might be obtained by conducting neutralization tests 
with varicella virus and convalescent zoster serum. It is with obser- 
vations concerning these experiments that the present paper deals. 

Methods and Materials. 

Monkeys Employed : — Young male green monkeys {Cercopithecus sabxus) were 
used. Animals in which spermatogenesis had been established were discarded. 

Neutralization Tests . — Emulsified papules and vesicles collected from varicella 
patients, usually witliin tlie first 72 hours of the disease, were used as virus. Non- 
immune serum was secured from chicken-pox patients during the first 72 hours of 
disease. Immune varicella serum was obtained from convalescent patients 14 to 
22 days after the appearance of the rash. Immune zoster serum was collected 
from convalescent patients 23 to 28 days after the appearance of the eruption. 

The papules and vesicles were e.xcised under aseptic conditions and emulsified by 
grinding in a mortar moistened with Locke’s solution. Sand was not used. The 
emulsified material was taken up in 0.5 to 2.0 cc. of Locke’s solution and portions 
of it were ml-xed as desired with equal amounts of non-immune serum, immune 
varicella serum, or immune herpes zoster scrum. Measured amounts (0.25 cc.) 
of the mixtures were then injected into the testicles of monkeys. More tlian 45 
minutes never elapsed between the collection of the varicella virus and its injection 
into the animals. 
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Removal and Examination of Testicles.— It was previously sbown (10, 11) that 
nuclear inclusions are present in the testicles of green inonke>^ on the 5th and 
6th days after inoculation with chicken-pox. Consequently, in the experiments 
reported at the present time, the monkeys were castrated^ on the 5th or 6th day 
following inoculation. The testicles removed for histological studies were fixed in 
Zenker’s fluid, sectioned, and stained with eosin and methylene blue. A careful 
search for eosin-staining nuclear inclusions was made in numerous sections of each 
testicle. Details concerning the tinctorial reactions of the inclusions are given by 
Tyzzer (12), Lipschiitz (13), and Goodpasture (14). 

Results . — ^Testicles in which nuclear inclusions were found were considered 
infected with varicella virus. If no inclusions were found, infection was considered 
not to have occurred. In this t>^e of work, positive results are naturally much 
more significant than are negative ones. 

EXPERIMENTAL. 

In the study of the relation of varicella to herpes zoster 4 neu- 
tralization experiments were performed.^ A detailed account of 
each follows. 


Experiment /. 

The first experiment was conducted in order to determine whether 
the serum of an adult, who had had chicken-pox in childhood, 
would neutralize varicella virus. 

Serum was collected from J., 35 years of age, who had chicken-pox when 5 
years old. Kon-inamune serum was obtained from W. R. during the first 48 
hours after the appearance of the varicella rash. Virus in the form of 4 vari- 
cella vesicles was secured from B. The serum to be tested, from J., was mixed 
v-dth an equal amount of virus, and then 0.25 cc- of the mixture was injected 
into each testicle of ^lonkey 1, Is on-immune serum, W. R., was also mixed 
with virus, and 0.25 cc. of the mixture was injected into each testicle of Mon- 
key 2. 5 days later the testicles were removud and examined in the usual 

manner for the presence of aadophilic nuclear inclusions. They were found in 
the testicles of both monkeys. 


^ All operative procedures were conducted under anesthesia. 

* Because of the scarcity of green monkeys, control tests rvith convalescent 
varicella serum were at times omitted. In fact, it is not essential to use this 
control with each c.xperiment, inasmuch as convalescent varicella serum has never 
failed to prevent the appearance of inclusions in tesU’des inoculated with varicella 
virus (11). 
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The results of the above experiment indicated to us that the serum 
from an individual who had had varicella many years previously did 
not contain sufficient antibodies to prevent the appearance of in- 
clusions in testicles inoculated with chicken-pox virus. Conse- 
quently it was deemed safe in this work to use convalescent zoster 
serum obtained from individuals who a number of years earlier in 
life had passed through an attack of varicella. 

Experiment IL 

In this experiment an attempt was made to ascertain whether 
the serum from a case of so called idiopathic herpes zoster was ca- 
pable of neutralizing varicella virus. 

C. S., male, white, 16 years old. No history of having had chicken-pox or 
zoster previously. No exposure recently to either disease. Patient seen on the 
first day of the zoster eruption which was distributed over the right sacral and iliac 
regions; serum collected. Lesions healed slowly. Serum again collected 23 days 
after onset of the disease. 

In the neutralization tests, 4 monkeys were used. Virus, 9 lesions, was collected 
from 3 varicella patients (G. K., G. M,, H. B.). Non-immune serum (W. R.), 
immune serum (M. W.), and serum collected from C. S. on the 1st and 23d days 
after the appearance of the zoster eruption were employed. Virus and non- 
immune serum were injected into Monkey 3; virus and convalescent varicella 
serum into Monkey 4; virus and early zoster serum into Monkey 5; virus and 
convalescent zoster serum into Monkey 6. 6 days after the inoculations, the 
testicles were removed, fixed, sectioned, and stained. Upon examination no 
inclusions were found in any of the sections. 

In view of the negative results in all the monkeys, the experiment was repeated. 
At this time, however, only non-immune serum (W. R.) and convalescent zoster 
serum (C. S.) were used. The virus, 6 varicella vesicles, was obtained from 
A. M. and W. McK. Virus and non-immune serum was injected into Monkey 7; 
virus and convalescent zoster serum into Monkey 8. S days later the testicles 
were removed and examined in the usual manner. In sections from the testicles 
of Monkey 7 numerous nuclear inclusions were found, while none were seen in those 
from Monkey 8. 

From the results of this experiment one might conclude that the 
convalescent zoster serum neutralized the varicella virus. Monkeys, 
however, display a certain amount of irregularity in their suscepti- 
bility to chicken-pox virus. Consequently one set of negative find- 
ings is not highly significant. 
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Experiment III. 

The following test was made to determine whether the serum 
from a patient who developed herpes zoster following the adminis- 
tration of salvarsan would neutralize chicken-pox virus. 

M. R., female, colored, age 36, No history- of previous attacks of chicken^x 
or herpes zoster. No known recent exposure to either disease. + 4- 4- d- Wasser- 
mann. On Jan. 13, 1927, at the Vanderbilt clinic, the patient received her first 
intravenous injection of salvarsan. 24 hours later a burning sensation was felt 
over the left dioulder, and 48 hours following the treatment blisters were seen over 
the left side of neck and left shoulder. Patient was seen at the Rockefeller 
Hospital for the first time on Jan, 21 and was found to have tj-pical herpes zoster. 
The lesions healed slowly. Convalescent serum was collected on Feb. 1 1 . 

\^rus, 4 fresh vesicles, was collected from a varicella patient on the 3d day of 
eruption. Virus and non-immune serum (\V. R.) were injected into Monkey 9; 
convalescent zoster serum (M. R.) and virus were inoculated into Monkey 10. 
5 days after the injections the testicles were removed and examined for the presence 
of addophilic nudear indusion. In the tesddes of both animals many were 
found. 

In this experiment it seems that the convalescent zoster serum 
did not neutralize the chicken-pox virus. 

Experiment IV, 

The experiment described below is the most important one in the 
series. In it was used serum from a convalescent zoster patient who 
had had varicella 7| years previously and from whom a sister ap- 
peared to have contracted chicken-pox through exposure to her during 
the attack of zoster. 

M. B., female, white, age 8. No history of previous attacks of zoster. Had 
chicken-pox when 6 months old. No recent exposure to varicella or zoster. 
Attends a public school. On Oct. 24, 1926, the patient developed blisters over 
the right side of the body. She was not quarantined and came in contact with 
relatives, dassmates, and playmates. On Nov. 1, she was seen at the Vanderbilt 
clime and referred to the Rockefeller Hospital. At that time the patient pre- 
sented the picture of topical herpes zoster. The eruption was on the right side of 
the body over an area suppHed by the 9th and 10th thoracic nerves. The child 
was not admitted to the hospital, but was seen from time to time in the clinic. 
Dr. E. visited the home on several occasions and a nurse observed the children iii 
the paUent’s dass at school. The lesions on the chfld healed slowly, and con- 
valescent scrum was obtained on Nov. 20, 26 days after the appearance of the 
eruption. 
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V. B., age 3, a sister who had never had varicella or zoster was constantly 
exposed to the patient. On Nov. 13, 19 days after the appearance of zoster in 
M. B,, a chicken-pox eruption was observed on V. B. The child was admitted to 
the Rockefeller Hospital and after passing tlirough a typical attack of varicella was 
discharged on Nov. 27. Just prior to discliarge convalescent serum was obtained. 

The parents said that V. B. had not been exposed to varicella, yet she developed 
the disease 19 dtiys after exposure to herpes zoster in her sister. This, tlien, is an 
excellent example of chicken-pox developing in a child after exposure to herpes 
zoster. Many such examples have been reported and have been adduced as 
evidence of tlie identity of the two diseases. Upon pursuing the matter further, 
however, it was found tliat M. B,*s class at school consisted of 33 children, 21 of 
whom had never had varicella. All of tliem were exposed to M. B., yet not a 
case of chicken-pox developed as a result of the exposure. 

Four monkeys were used in the neutralization tests. The virus consisted of 
12 vesicles removed from 3 varicella patients (J. R., W. R., V. D,). Non-immune 
serum (W. R.), chicken-pox convalescent serum (]\I. W.), convalescent serum from 
M. B., and convalescent serum from V. B. were respectively mLxed with equal 
amounts of virus. 0.25 cc, of the mixtures were then injected into tlie testicles of 
monkeys; virus and non-immune serum into Monkey 11, virus and convalescent 
varicella serum into Monke}'' 12, virus and convalescent serum from M. B. into 
Monkey 13, virus and convalescent serum from V. B. into Monke}" 14, 5 days 
after the injections the testicles were removed and examined in the usual way 
for the presence of nuclear inclusions. Sections from IMonkeys 11 and 13 showed 
numerous inclusions, while those from Monkeys 12 and 14 revealed none. 

The results of tlie experiment indicate that the non-immune serum 
and the serum from the diild (M. B.) convalescent after zoster did 
not neutralize varicella virus, while convalescent varicella serum of 
extraneous derivation and convalescent serum from tlie sister (V, B.) 
who had just had chicken-pox did inhibit its action. In view of these 
findings, together with the failure of varicella to develop in any of 
tlie classmates of the child (M. B.) who had zoster, one is justified in 
concluding that tlie relation of chicken-pox to zoster in the two sisters, 
V. B. and M. B., was apparent rather than real. 

A summary of the experiments dealing with the neutralization of 
varicella virus by convalescent herpes zoster serum is given in Table I. 
An analysis of tlie results reveals that, under tlie conditions of tlie 
tests, sera from individuals who had had varicella 7§ to 30 3 ''ears previ- 
ously did not neutralize varicella virus. This fact does not imply that 
tliese individuals were susceptible to chicken-pox and that tlieir sera 
did not possess a certain amount of neutralizing power for varicella 
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virus. The experiments also indicate that 2 of 3 convalescent herpes 
zoster sera did not neutralize varicella virus while in each of 2 in- 


TABLE I. 

Summary of NeiUralizatiou Experiment. 


Experiment 1 


Inoculum 

Results 

1 


Varicella virus -f- non-immune serum 

-h 


2 

“ ri" serum from adult tvho had varicella 30 




years previously 

+ 

2 

3 

“ “ non-immune serum 

— 


4 

“ “ convulescent varicella serum 

— 


5 

“ “ serum from patient early in course of 

— 



herpes zoster 



1 ^ 

serum from patient conviilescent from 

— 



herpes zoster 


2 

1 7 

“ “ non-immune serum 


Repeat 

8 

“ -{- convalescent herpes zoster serum 


3 

9 

“ '' + non-immune serum 

-f- 


10 

“ ri- convalescent herpes zoster serum 1 

ri* 

4 

11 

“ “ -k non-immune serum 

ri- 


12 

“ “ -{- conv’alescent varicella serum 

— 


13 

** “ conv’alescent herpes zoster serum from an 

+ 



individual (M. B.) who had had v’ari- 




cella 7§ years previously 



14 

“ “ -f convalescent varicella serum (V. B.) 

— 


Monkeys inoculated in testicles. 

-f indicates infection by virus, detennined by presence of nuclear inclusions in 
sections of inoculated testicles. 

~ indicates no infection by virus, determined by absence of nuclear inclusions 
in sections of inoculated testicles. 

stances^ convalescent chicken-pox serum did neutralize it. An ade- 
quate explanation of why varicella virus appeared to be neutralized 
by one of the convalescent zoster sera is lacking. It is certainly not 

’ Convalescent varicella serum regularly prevents the occurrence of nuclear 
mdusions in monkeys’ testicles inoculated with varicella rims (11). 
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safe to conclude, even tliough the experiment was repeated, that the 
herpes zoster in that case was caused by varicella virus. From the 
experiments reported in this paper and those previously recorded in 
regard to varicella in monkeys (10, 11), one is justified in concluding 
that herpes zoSter is not always produced by varicella virus. Such 
is the case even in instances where clinical observations might lead 
one to suspect that the causal agents of the two diseases are identical. 

DISCUSSION. 

Many investigators believe that certain cases of zoster are caused 
by a specific virus. Instances, however, of “recurring zoster,” of 
zoster following mechanical or drug injuries to nerves, and of zoster 
occurring in patients with tabes, tuberculosis of the spine, and cord 
tumors have led numerous observers to consider that this type of the 
disease is due not to an infectious agent, but to trophic changes in 
the skin incident to nerve injury. Regardless of the conditions under 
which herpes zoster occurs, the character of the lesions has induced a 
number of workers familiar with virus diseases to entertain tlie idea 
that it is caused by some kind of virus. 

The question as to whetlier zoster is caused by one or by several 
viruses naturally arises. The pathological changes observed in zoster 
lesions are strikingly similar to those seen in herpes simplex and vari- 
cella. In fact, lesions from these three diseases cannot be differen- 
tially diagnosed one from another by means of the microscope. As a 
group, however, they can be separated from other skin lesions occur- 
ring in man. This is made possible by the occurrence of acidophilic 
bodies in the nuclei of affected cells. From records of work dealing 
with the identity of herpes simplex and herpes zoster (15) it seems 
unlikely that the etiological agents concerned in the majority of the 
cases of tliese two diseases are identical. 

It now remains to consider the relation of zoster to chicken-pox. 
The studies presented in the preceding paper (1), the experiments re- 
corded in tlie present one, and the fact tliat an attack of herpes zoster 
as a rule does not protect against varicella and vice versa (16, 17, 
18, 22) seem to indicate that the majority of the cases of the two dis- 
eases is not caused by the same virus. There is no good reason, how- 
ever, why one should say that the virus of chicken-pox cannot under 
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certain conditions produce localized lesions dinicaUy indistinguisliable 
from herpes zoster. It probably does, but only rarely. 

conditions under which the virus of varicella causes a disease 
clinically similar to herpes zoster are probably dependent upon the 
role injury or irritation plays in the localization of many viruses. 
The viruses of measles (19) and varicella (20) localize in areas of irri- 
tated skin as is evidenced by a marked increase in the number of 
lesions appearing in such areas. Therefore, in hospitals where large 
numbers of tuberculous children and syphilic infants rmdergoing treat- 
ment with arsenicals are cared for, a few cases of clinical zoster may 
occur during an epidemic of varicella. In aU probability, imder these 
conditions, some if not aU of the so called zoster is caused by chicken- 
pox virus. Consequently it would be better to diagnose such cases 
as varicella with an abnormal localization of the rash. 

It is not likely that trophic changes incident to nerve injury alone 
or to drug poisoning alone, e.g., with arsenic, are capable of producing 
herpes zoster. If such were the case, the disease should be seen more 
often rmder these conditions. The fact that viruses tend to localize 
in irritated tissues may also accotmt for the relation that has been 
observed to exist between certain cases of herpes zoster and nerve 
injury due to chemical, physical, or disease-producing agents. 
WTiether the virus localizes primarily in ganglia and subsequently 
travels by way of nerves to the skin or whether the localization is only 
in the skin, the site being determined by circulatory and other changes 
incident to the injury of nerves supplying the region (21), is not defi- 
nitely known. There is no reason why the primary localization of the 
virus may not occmr in either place. The presence or absence of pain 
in zoster may in some instances be dependent upon the place at which 
the virus localizes. 

Since in the majority of cases of herpes zoster the disease is caused 
neither by the virus of herpes simplex nor by the virus of varicella, 
is there any evidence at present that a special virus is concerned in 
its production? There is no direct proof that such a virus exists, 
yet the indirect evidence is suggestive. In the first place, the patho- 
logical picture presented by zoster lesions is one that has not been 
shown to occur in the absence of some kind of virus. Although 
zoster is not, as a rule, highly contagious, it breeds true when ocom- 



916 


MLATION OF VARICELLA TO HERPES 20STER. U 


ring epidemically, ix,, zoster gives rise to zoster (15, 22). Finally, 
in the majority of instances one attack of zoster confers an immunity 
against a second attack of the disease but not against an infection 
with herpes simplex and varicella viruses. 

SUMMARY. 

Experiments and clinical observations dealing with the identity of 
tlie viruses of varicella and herpes zoster were presented. The results 
indicate that the etiological agents concerned with these two diseases 
are in the majority of instances not identical. 
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Ever since Mayer (1886) demonstrated the infectious nature of tobacco mosaic 
disease, investigations have been carried out to determine the true nature of the 
etiologic agent of this malady. Alany of the objections to the parasitic theory 
based on the resistance of the infective agent to chemicals can be met with the 
argument that the usual methods for the determination of these reactions in the 
case of known microorganisms are crude when applied to the study of filterable 
viruses (Ford, 1927). Studies on the purification of virus have been made which 
may overcome some of the difficulties (McKinney 1927; Vinson and Petre 1929; 
and Brewer, Kraybill and Gardner 1929). The apparently high resistance to heat 
exhibited by virus is no greater than that shown by bacterial spores (Duggar and 
Armstrong 1923) . Spores of B, suhtiHs show an increased resistance to heat when 
tested in vegetable infusions (Williams 1928) . 

The properties of tobacco virus are frequently likened to those of enzjTnes. 
An apparent similarity between them may be due to the fact that they have both 
been studied in tissue extracts and in an impure state. Falk (1924) maintains 
that the properties attributed to enzjTnes are in reality chiefly those of the medium 
in which they are tested. Allard remarked fourteen years ago that: *Tt may at 
least be said that the theoiy of a parasitic origin for the disease more consistently 
accounts for all the facts at hand than any enzymic conception yet evolved. It 
seems not only needless but illogical to abandon a simple, direct explanation for 
one which leads to complexity of thought and yet fails to correlate all the facts 
at hand." (Allard 1915). 

Various investigators have proposed different hj-potheses to explain the origin 
of tobacco mosaic disease. Some of them express the opinion that the malady is 
due to purely ph 3 '’siologic response to unfavorable environmental conditions 
(Egiz 1912; Hunger 1902, 1905 a, b; and Sturgis 1899). Hunger maintains that a 
phytotoxin is generated spontaneously in the plant which upon transmission to 
normal plants proves capable of stimulating them also to the production of the 
phytotoxin. Beijerinck attributes the disease to a "contagium vivum fiuidum" 
(1898), while other workers thinl: the excessive accumulation of oxidizing enzymes 
is responsible for the morbid condition of the plant (Heintzel 1900, Woods 1899 
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1902, and Chapman 1913). Iwanowski, although unable to cultivate a micro- 
organism from aSected plants, considers the disease as bacterial in origin (1903). 
Allard (1916) expresses the opinion that the causal agent is an ultramicroscopic 
parasite. Several investigators have described microorganisms which they believe 
to be closely associated with the disease (Palm 1922; Jones 1926 a, b; Link, Jones, 
and Taliaferro 1926; Jones 1928; and Eckerson 1926). One of these supporters of 
the parasitic theory of tobacco mosaic disease claims that the foreign cell inclu- 
sions, characteristically present in tobacco mosaic tissue are the etiologic factor 
(Palm 1922). 

Olitsky’s claim of having cultivated the infective agent of tobacco mosaic 
disease^ hi vitro in the absence of living host cells (1924) is as yet uncorroborated 
(Mulvania 1925; Purdy 1926; Goldsworthy 1926; and Smith 1928). 

Mulvania (1926) injected from 1 to 3 cc. of virus-sap in one ear of a rabbit and 
20 minutes later tried to recover the virus by drawing a sample of blood from the 
uninoculated ear. The virus was not recoverable. He also showed that w^hen 
normal, fresh, rabbit blood is mixed with ^drus extract and allowed to stand for 
24 hours, the infectivity of the virus is not destroyed but under the same con- 
ditions, a filtrate of virus extract is rendered non-infectious. No attempt to 
produce an antiserum to virus-sap was reported by Mulvania. 

Until the recent work of Dvorak (1927), on a virus of potato mosaic disease, no 
one had undertaken an investigation of the antigenic properties of virus-sap. 
Dvorak produced antisera in rabbits to sap from healthy potato plants and sap 
from potato affected with mosaic disease.- Precipitin reactions showed that the 
two antisera had precipitins in common, but tliat they both exliibited a higher 
titer for tlie homologous than for the heterologous antigen. The explanation 
offered for these results is that the virus had in some way altered tlie antigenic 
property of tlie globulins present in the healthy potato plant. 

A study of the antigenic properties of virus-sap of tobacco mosaic 
should throw light upon the true nature of the virus. Therefore, 
the ex'periments described in this paper, reported previously in pre- 
liminary form (Purdy 1928), were undertaken. 

Method. 

Preparation of Antigens , — As a source of antigens 3^oung tobacco plants of a 
Turkish variety were selected because of a low nicotine-content, which ivould 
minimize any toxic effect the alkaloid might have on the rabbits used for im- 
munization. Leaves were collected from healthy tobacco plants and from plants 


^ The host plant in this case was tomato. 

- Although the filterability of the virus of potato mosaic disease has never been 
proved, it is nevertheless regarded as belonging to the class of filterable viruses. 
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that had been infected TOth mosaic disease for from 10 daj-s to 6 weeks.^ The 
particular tobacco virus used was that of Johnson’s common field mosaic disease. 
The diseased and healthy leaves were kept in two separate lots and prepared m 
vessels sterilized each time after use to avoid any chance of contaminating the 
normal sap with virus-sap. Three medium-sized leaves were ground to a pulp 
in a mortar with 8.5 cc. of saline solution (0.85 per cent). The extract was then 
centrifugalized for about 5 minutes at a moderate speed and the supernatant fluid 
was used for injection. At first, the antigens were preserved with 0.5 per cent 
carbolic add solution and stored in an ice-chest during the interv’als between 
injections, but later fresh antigen was prepared for each injection to eliminate 


TABLE I. 

Hyperivimunizati07i of Rabbits, 


Rabbit No. 

Antisen 

ITo. of 
injections 

1 

Total amount 
of antigen 
injected 

! 

Period of bypet- 
immunization 

! No. of days 
^ after last 
injection, rabbit 
was bled 

1 

1 N* 

6 

23.0 

Feb. 10-Mar. 6 

6 

2 

N 

5 

16.5 

Apr. 10-Apr. 23 

10 

3 

N 

6 

19.0 

Apr. IQ-May 11 

Of 

4 


6 1 

21.0 i 

Feb. 10-Mar. 6 

6 

5 


5 

16.5 

Apr. IG-Apr. 23 

10 

6 


13 

22.8 

Apr. 10-June 7 

14 

7 

■■ 


9.2 

July 25-.'Vug. 22 ' 

ot 


* N = Normal sap. 

V = \^rus-sap, 
t Rabbit died before bleeding. 


the possibility of the proteins in the extracted sap becoming denatured upon 
standing. 

Immunization of Rabbits . — ^Each rabbit received from 5 to 13 injections of 
antigen in the marginal ear-vein, the amoimt injected at one time varjnng from 
0.5 to 5 cc. Since the rabbits showed toxic reactions when as much as 5 cc. were 
injected at one time, it was not deemed advisable to use a larger amount of sap 
extract. The usual inter\'al between injections was 3 to 4 days. Before the fifth 
and subsequent injections, the rabbit was desensitized intravenously first with 
0.5 cc. of antigen, otherwise severe anaphylactic s>Tnptoins were evinced. Four 
rabbits were injected with \drus-sap and 3 with normal sap. Table I contmns 
more details of the procedure followed in the injection of indiWdual rabbits. 


3 The original source of the \'irus was mosaic material supplied by Doctor James 
Johnson several years ago and subsequenriy kept free from contaminarion by other 
strains of \'irus at the Boyce Thompson Institute. 
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Collection of Scrim.~lxi general, samples of serum were drawn from an ear-vein 
for control purposes, prior to the first injection of the antigen. Thereafter, 
frequent samples of serum were taken from an ear-vein during the course of 
injections for use in various tests. From 6 to 14 days after the last injection, the 
animals were etherized and bled to death aseptically from the carotid artery. The 
antiserum was allowed to separate from the clot overnight and was pipetted off 
the following morning, inactivated for one-half hour at 56®C, (water-bath) and 
stored in sterile tubes in an ice-chest. 

Testing of Serum for Antihodies, 

Preliminary alexin-fixation experiments were carried out in order to determine 
whether or not antibodies to virus and normal sap had been produced in the 
injected rabbits. It was found that in the presence of the homologous antigen, a 
given amount of serum from the injected animals would fix alexin completely, 
whereas the same amount of antigen and normal rabbit serum gave no fixation, 
that is, complete hemolysis occurred on adding sensitized sheep cells. The usual 
control tubes for antigen, hemolytic system, serum, and cells were included in the 
tests. All showed that the experiments were properly controlled. 

The findings of these preliminary tests indicated that antibodies 
to virus and normal sap had been produced in the injected rabbits. 
Alexin-fixation experiments were then planned for the titration of 
both antigens with antisera to virus-sap and antisera to normal sap 
in order to ascertain whether or not the antisera contained alexin- 
fixing antibodies in common. 

Alexin-Fixation Experiments. 

The antisera and normal sera were heated for one-half hour at 56°C. (water- 
bath) just prior to use. Constant amounts (0.05 cc.) of undiluted serum w’ere 
placed in Wassermann tubes. Fresh guinea-pig serum was then added of a dilu- 
tion that would contain 2 units of alexin in each 0.1 cc. The antigens were pre- 
pared as for injection in the rabbits and were diluted further with saline solution 
(0.85 per cent). Decreasing amounts of antigen-dilution were pipetted into a 
series of tubes. The volume of liquid in each tube was then brought up to 0.25 cc. 
with saline solution. The entire mixture was shaken and placed in a water-bath 
for one hour at 37°C. At the end of the hour of incubation, sheep cells, previously 
sensitized with rabbit sensitizer, were added in 0.2 cc. amounts and tlie tubes 
were returned to the water-bath for 15 minutes. In some of the experiments, the 
readings were made immediately after removal from the water-bath; in other 
experiments the readings were made after the tubes had stood in the ice-chest 
overnight and the cells had settled out by gravitation. In general, it was found 
that a satisfactory and quicker method of obtaining the readings was to cool the 
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tubes under running vrater immediately after removal from the water-bath, and 
then centrifugalize them at a low speed for a few moments to throw down any 
non-hemolyzed cells present. In most of the tests, Madsen's scale was employed 
for determining the percentage hemolysis occurring in any of the tubes. Using 
the contents of tubes showing complete hemol>^is as the stock solution, dilutions 
with saline solution were made showing 10 to 90 per cent hemolysis, by increments 
of 10 per cent. 

Three separate experiments were carried out in which 3 different 
antivirus and 3 different antinormal sera were tested individually for 
their ability to bind alexin in the presence of virus and normal sap. 
The results of these experiments showed the smallest amount of anti- 
gen used that would react with 0.05 cc. of undiluted antiserum to fix a 
given amount of alesn. For the sake of discussion, these minimal 
amounts wherever available have been brought together in Table 11. 
The amoimt of antigen used is expressed in the equivalent of im- 
diluted sap to facilitate a comparison of the results. 

Analysis of the Findings , — In aU of 3 experiments (Table II) both 
antisera fix alexin in the presence of either antigen. 

In all 5 titrations (Table H) antivirus sera show a higher titer for 
the homologous than for the heterologous antigen. 

In all 3 experiments (Table 11) antivirus sera possess a higher titer 
for virus than the antinonual sera for the same antigen. 

In 3 out of 5 titrations (Table II, Experiments I, II, and TITa) 
the antinormal sera exhibit a higher titer for the homologous antigen 
than for the heterologous antigen. Complete results were not ob- 
tained in the other 2 titrations (Table It, Experiment lUb and c). 

In 2 out of 5 titrations (Table H, Experiments I, and lEIa) the 
antinormal sera have a higher titer for normal sap than the correspond- 
ing antivirus sera for the same antigen; in one instance the titer 
of the antinormal and antivirus sera for normal sap is the same 
(Table H, Experiment H); in the other 2 titrations, the incomplete 
results would indicate that the antinormal sera have a lower titer for 
normal sap than the corresponding antivirus sera (Table If, Exceri- 
ment Hlb, c). ^ 

Discussion.—ln interpreting the results of the alexin-fixation experi- 
ment sununarized in Table H, two possibilities should be taken into 
consideration the differences that may exist in both the titer of the 
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antisera and the concentration of the antigens. These two factors in- 
fluence the results, but if properly accounted for, they do not invali- 

TABLE n. 


Minimal Amounts of Antigen Required for Alexin-fixation. 


Experiment No. 

Undiluted serum 
(56®C.) 

Undiluted antigen 

Results 

Hemolysis 

Fixation 


cc. 


cc. 



I 

AVf 

4 

.006 V 

— 

Complete 


AV 

4 

.02 N* 

Partial 

— 


AN 

1 

.02 V* 

Partial 

— 


AN 

1 

.002 N 

— 

Complete 

II 

AV 

4 

.0015 V 

— 

Complete 


AV 

4 

.008 N 

— 

Complete 


AN 

1 

.01 V 

— 

Complete 


AN 

1 

.008 N 

— 

Complete 

Ula 

AV 

4 

.001 V 

— 

Complete 


AV 

4 

.03 N 

— 

Complete 


AN 

1 

.03 V 

— 

Complete 


AN 

1 

.02 N 

— 

Complete 

Illb 

AV 

6 

,0006 V 

— 

Complete 


AV 

6 

.1 N 

— 

Complete 


AN 

3 

.05 V 

— 

Complete 


AN 

3 

.02 N* 

75% 

— 

IIIc 

AV 

5 

,0006 V 

— . 

Complete 


AV 

5 

.05 N 

— 

Complete 


AN 

2 

.1 V 

— 

Complete 


AN 

2 

.02 N* 

85% 

— 


* ^linimal amount of antigen was not determined, 
t AV = Antiserum to virus-sap. 

AN = Antiserum to normal sap. 

V = Virus-sap. 

N = Normal sap. 

date the conclusions that may be drawn from these results. The 
following discussion will demonstrate tliis point. 

Since antivirus serum fixes alexin in the presence of normal sap, it is 
fair to assume that antigenic substances in the normal sap were also 










HELEN A. PtTRDY 


925 


present in ^^rus-sap used for the production of the antivirus serum. 
LikeVidse, since antinormal serum binds alexin in the presence of virus- 
sap, the reaction may be attributed to antigenic substances in virus- 
sap that were also present in normal sap. Without further knowledge 
of the antigenic nature of normal and virus-sap, the results obtained 
from these experiments may be e.xamined to advantage on the assump- 
tion that the two antigens, virus and normal sap, are identical in 
composition. It is then possible to compare the titer of the antisera 
and the concentration of the antigens from the results of a single 
experiment in which antivirus and antinormal sera are titrated with 
the same preparations of homologous and heterologous antigens. The 
normal antigen and antinormal serum should be used as the basis for 
comparing the titer of the antisera and the concentration of the 
antigens, since the assumption that virus-sap is identical to normal 
sap in composition remains to be proved. 

For example, in Experiment I (Table II) comparing the reaction of 
the 2 antivirus and antinormal sera to normal sap, the antinormal 
serum is the higher titered one. By further comparison of the reac- 
tions of antinormal serum with virus and normal sap, the former anti- 
gen appears to be less than one-tenth the concentration of the latter. 
By a similar comparison of the titrations in Experiment IT (Table n), 
both antisera have the same titer, but virus-sap appears to be a some- 
what weaker antigen than normal sap. 

In aU 5 sets of titrations, antivirus sera exhibit a higher titer for the 
homologous than for the heterologous antigen. On the other hand, 
the incomplete results of Experiment IHb (Table If) indicate that the 
antinormal serum may manifest a higher titer for the heterologous than 
for the homologous antigen, depending m this instance upon the con- 
centration of the antigens. Also, the antinormal sera may show a 
lower titer for the homologous antigen than that of the corresponding 
anti\’irus sera (Table II, Experiment Illb, c) because of the higher 
titer of the latter. These results demonstrate the importance of 
titrating the 2 antisera vnth both antigens. Without the information 
thereby gained relative to the concentration of antigen and titer of 
antiserum, no dependable conclusions can be drawn from the results 
of a titration. 

A careful study of the results obtained from these e.xperiments makes 
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it evident that differences in the titer of the antisera or concentration 
of the antigens, identical in composition, are sufficient to explain the 
reactions of antinormal sera with both antigens, but not to account 
for the reactions of antivirus sera with virus and normal sap. For 
instance, in Experiment I (Table II) the antivirus serum is weaker in 
titer for normal sap than the corresponding antinormal serum, and the 
normal sap seems to be more highly concentrated than the virus-sap, 
from a comparison of the reactions of antinormal serum with both 
antigens. Under these conditions and with antigens of identical 
composition, the antivirus serum would be expected to show a higher 
titer for normal than for virus-sap, but in reality the reverse is true and 
antivirus serum exhibits a higher titer for virus than for normal sap. 
The only adequate explanation for such a result is that the 2 antigens 
differ in composition. Virus-sap apparently contains some antigenic 
substance or substances either not found in normal sap, or only in 
small amounts. It is possible that some foreign antigenic substance 
is present in virus-sap not found in normal sap, or that some of the 
normal antigens present in healthy tobacco sap have been altered by 
mosaic disease, thereby changing their antigenic properties. 

The 2 antisera were now tested for the presence of precipitins. 

Precipitin Experiments. 

Four precipitin tests were set up, using equal parts of undiluted antiserum and 
antigen-dilution, varying from 1:10 to 1 : 100,000. The antigens were prepared 
as for injection in rabbits but it was found necessary to centrifugalize the extracts 
at high speed for IS minutes to obtain sufficiently clear antigens. The supernatant 
fluid was further diluted with saline solution (0.85 per cent). The serum was first 
pipetted into precipitin tubes and the antigen-dilution was slowly “layered” on 
top of the serum. After incubation for 1 hour at 37°C. (water-bath), the tubes 
were examined for the presence of a ring of precipitate, formed at the region of 
contact between serum and antigen. The contents of the tubes were then thor- 
oughly shaken and placed in an ice-chest overnight. On the following morning 
a record was made of the precipitate formed in the tubes. 

Analysis of the Findings . — No precipitate was formed in a dilution 
of antigen exceeding 1 :100. 

A precipitate formed in the case of both antisera in the presence of 
either antigen. 
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A very slight precipitate formed in a mixture of normal sap and nor- 
mal serum when the antigen was undiluted. 

The virus-sap produced a heavier, more flocculent precipitate than 
the normal sap with both antinormal and antivirus serum. A greater 
amount of precipitate was obtained in a mixture of antivirus s^rum 
and virus-sap than in the case of antinormal serum and virus-sap. 

Discussion — fact that the antigens failed to give a precipitate 
in a dilution exceeding 1 :100, may be due to the fact that the antigen is 
prepared by the extraction of whole sap high in water-content. The 
antigens referred to as ^^undiluted^^ are in reality considerably diluted. 

The heavier precipitate characteristically formed in a mixture 
of antivirus serum and virus-sap strongly suggests the presence of a 
specific predpitin for virus-sap in the antivirus serum. In comparing 
the reactions of the 2 antisera with their homologous and heterologous 
antigens, the same objections rmsed to a comparison of the restilts in 
the alexin-fixation experiments shoifid be taken into consideration. 
In these tests, also, the titer of the 2 antisera and the concentration 
of the antigens may vary. It was conduded, therefore, in the face of 
these difficulties that the presence of a specific predpitin for virus-sap 
in antivirus serum could be more readily demonstrated by predpitin- 
absorption experiments. 

Precipitin-Absorption Tests, 

After a ntunber of prelnninary tests, it was found that the most 
satisfactory method for the absorption of the predpitins from the 
serum was as follows : 

The antigens ^rere freshly prepared as for the predpitin experiments and used 
in a dilution of 1 part of extracted sap to 4 parts of saline solution. The antisera 
were absorbed by adding 1 cc. of antigen-dilution to 2.5 cc. of inactivated serum 
and incubating for 1 hour at 37°C. (water-bath). The predpitate formed was 
then removed by centnfugalization and 1 cc. of andgen-dilution was added to the 
dear supernatant fluid. This process was repeated until none of the tubes showed 
any predpitate upon removal from the water-bath. The tubes were then set in 
the ice-chest overnight to allow ample opportunit>' for a predpitate to form. If 
the tubes contamed no predpitate on the following morning the absorption of the 
serum was considered complete. The absorbed serum was then tested with both 
antipns for the presence of predpitins, as described in the predpitin experiments. 
During the process of absorption, several predpitin tests were carried out with the 
partially absorbed sera. 
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Two different antivirus sera and 1 antinormal serum were used in the 3 absorp- 
tion tests. Two portions each of antivirus and antinormal serum were absorbed 
separately with both normal and virus-sap. Control tubes of antisera were 
included, treated in a similar manner to the sera absorbed except that saline was 
added each time in the place of antigen. Other appropriate control tubes were 
also used. 

Analysis of the Findings . — ^All of the precipitins to normal sap in both 
antisera were completely absorbed by either antigen. 

After complete absorption of antivirus serum with normal sap, a 
heavy precipitate was formed upon the subsequent addition of 
virus-sap. 

Discussion . — During the process of precipitin-absorption, the anti- 
normal serum was usually absorbed completely by the first addition 
of antigen while the largest amount of antigen used in these tests was 
required by the antivirus serum for complete absorption with virus- 
sap. For uniformity of method, the same quantity of antigen was 
used in every case for the absorption of the 4 different lots of serum in 
a single experiment. Consequently, it was necessary to set up com- 
plete precipitin tests at various stages during the process of absorp- 
tion, otherwise the results would be incomplete, for the final precipitin 
tests showed that some of the absorbed sera were so highly diluted 
that no reaction occurred in the corresponding control tubes of unab- 
sorbed serum. 

The point of most interest in these experiments has been fully 
demonstrated by this method of precipitin-absorption, namely, that 
after complete absorption of an antivirus serum with normal sap, the 
absorbed serum will still give a heavy precipitate with virus-sap. 
As stated in the discussion of the results of the alexin-fixation experi- 
ments, the specific reaction may be due either to a foreign antigenic 
substance present in the virus-sap, or to the formation during the 
course of mosaic disease of an altered plant protein. 

As a logical sequence to the precipitin-absorption tests, it was 
decided to repeat the experiments and instead of using tobacco sap 
for the final precipitin tests to substitute sap from healthy and mosaic 
diseased hosts of the virus other than tobacco. 

Precipitin Tests with Tobacco Virus from Other Hosts. — Tomato, pepper, and 
petunia plants, common hosts of tobacco mosaic virus, were inoculated witli the 
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strain of virus used throughout these experiments. The identical procedure used 
above in the precipitin-absoiption tests was followed. Four sets of experiments 
w’ere carried out. The results obtained from one of these tests are recorded in 
Table III. A parallel series of tubes ^Yith the corresponding unabsorbed serum was 
included in these experiments. 

Analysis of the Findings, — When antiserum to virus-sap of tobacco 
was completely absorbed with normal tobacco sap (Table III) : 

(a) No precipitate was formed upon adding normal sap of tobacco, 
tomato, pepper, or petunia plants. 

Q)) A heavy precipitate was formed upon the addition of virus-sap 
of tobacco, tomato, pepper, and petunia plants. 

Unabsorbed antiserum to virus-sap of tobacco produced some 
precipitate when mixed with the normal sap of tobacco, tomato, pep- 
per, and petunia plants. 

Discussion. — Since the 4 different host plants, tobacco, tomato, 
pepper, and petunia used in these experiments are all members of the 
same family, the Solanaceae, the occurrence of precipitins in antiserum 
to virus-sap of tobacco common to the 4 plants is to be expected. The 
presence of antigenic substances in tobacco common to all of these 
different plants still leaves the possibility unaltered that the antigenic 
substance in virus-sap of tobacco, tomato, pepper, and petunia 
specific for antiserum to tobacco virus-sap, may be plant protein 
altered by disease. If the specific antigenic substance is foreign virus 
protein, for example, its antigenic property is apparently not altered 
by multiplication in different hosts. 

In the hope of determining the presence of an antibody, specific for 
virus itself, a series of experiments were undertaken to test the power 
of inactivation of the antiserum to virus-sap on virus. 

Inaciimtion Experhnenis with Vims-Sap and Antiserum. 

Known amounts of antiserum were pipetted into tubes and varying amounts of 
freshly extracted virus-sap, diluted with saline solution (0.85 per cent), were added 
to the serum. The volume of liquid in each tube was made constant by the addition 
of saline solution. In 4 out of the 6 e.xperiments carried out, the mixture of serum 
and virus-sap was held at room temperature for several hours; in the other 2 cases 
the mixture was kept for 1 hour at 37°C. (water-bath). Two different antisera 
to virus-sap, 2 to normal sap, and several samples of normal rabbit and guinea-pig 
serum were tested. 
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After the serum had remained in contact vrith the virus-sap for a given period, 
the contents of each tube were shaken thoroughl}', poured into a dish and used for 
inoculation into yoimg Turkish tobacco plants. 

The inoculation of the plants was accomplished by scarifjdng 3 leaves on each 
plant with a sterile needle, dropping on the inoculum with a capiUaij^ pipette, and 
rubbing it in with a sterile cork. Every precaution was taken throughout the 

TABLE IV. 


Summary of Results of Inaclkalion of Virus-sap loith Antisera and Normal Serum. 
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t In 3 of 5 tests, complete inactivation occurred. 
t In only 3 of S tests, complete inactivation occurred. 

§ In 6 of 7 tests, complete inactivation took place. In the seventh instance, 
the corresponding amount of active serum also failed to produce complete in- 
activation. 

entire procedure to avoid accidental infection of the plants. Records of the 
occurrence of mosaic were made as the dbease developed, for a period of 4 weeks, 
when the plants were discarded. 

Control tests were included in which the \drus-sap was placed in contact with 
antiserum to normal sap, normal rabbit and guinea-pig serum, and saline solution 
or tap water. 
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In a series of experiments, the antisera to virus-sap and normal sap were 
drawn from the marginal ear-vein of the rabbit and allowed to stand on the dot 
overnight. The sera were tested on the following day in the active state, and 
after inactivation for one-half hour at S6°C., both with and without the addition of 
small amounts of fresh, normal, rabbit or guinea-pig serum (alexin). 

The results of 6 separate experiments are summarized in Table IV. 

Analysis of the Findings . — An e.\'amination of Table IV will show 
that: 

Of 89 plants inoculated with virus-sap mixed in vitro with antiserum 
to virus-sap, 75 remained healthy. 

The 26 corresponding control plants inoculated with the same 
amount of virus-sap in saline solution or tap water developed 100 per 
cent mosaic disease. 

Of 20 plants inoculated with virus-sap mi.\'ed in vitro with antiserum 
to normal tobacco sap, only 6 remained healthy. 

Twenty-seven of 29 plants inoculated with virus-sap mixed in vitro 
with normal rabbit or guinea-pig serum developed mosaic disease. 

Discussion . — ^In respect to the power of inactivation of virus-sap 
exhibited by the antiserum to virus-sap, in comparison to that shown 
by antiserum to normal sap, and normal rabbit or guinea-pig serum, 
the results are so significant as to require no comment. 

Several hundred plants were inoculated in these e.xperiments, but 
since the concentration of virus varies with every preparation of virus- 
sap, the amount of antiserum required for complete inactivation can- 
not be determined in advance. The results of experiments in which 
a considerable excess of virus-sap was used are not reported in this 
paper. There is also some evidence to show that an axcess of anti- 
serum to virus-sap may inhibit an inactivation of the virus. 

The results would seem to indicate further that antiserum to virus- 
sap, when heated for one-half hour at 56°C, (water-bath) loses some 
of its power to inactivate virus-sap (Table IV) . The original strength 
of the antiserum can apparently be fully restored by the addition of 
rabbit or guinea-pig alexin. This behavior of the antiserum to virus- 
sap suggests that a lytic antibody for virus may be present in the 
antiserum. The importance of such a finding necessitates further 
efforts to corroborate these results. 

Preliminary experiments indicate that the antiserum to virus-sap 
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of tobacco is also capable of inactivating virus-sap of tomato, pepper, 
and petunia plants. 

SUHMAHY. 

1. Antisera were produced, separately, in rabbits to normal sap 
from healthy Turkish tobacco plants and to irus-sap from tobacco 
plants, affected vdth mosaic disease. 

2. The immunologic reactions of the antisera were studied by means 

of: 

(a) Alexin-fixation tests. 

{b) Precipitation experiments, including: Precipitin-absorption 
tests with the same tobacco virus multiplied in tobacco, tomato, 
pepper, and petunia plants. 

(c) Experiments with the inactivation properties of both antisera 
and normal serum on virus-sap. 

3. From the results obtained from the above experiments, the 
following conclusions were drawn: 

(а) Normal-tobacco-sap and virus-tobacco-sap possess antigenic 
substances in common. 

(б) Normal sap and virus-sap of tomato, pepper, and petunia plants 
contain antigenic substances in common with normal sap of tobacco. 

(c) Virus-saps of tomato, pepper, and petunia plants, have anti- 
genic substances in common with virus-sap of tobacco, that are either 
not present in the normal tobacco sap or present only in small amounts. 

(d) The two antisera possess alexin-fixing antibodies and predpi- 
tins in common. 

(c) All of the precipitins to normal tobacco sap may be removed 
from either antiserum by absorption with virus-sap of tobacco. 

(f) Specific precipitins for virus-sap of tobacco, tomato, pepper, 
and petunia are present in the antiserum to tobacco virus-sap and 
cannot be removed by complete absorption with normal sap of tobacco. 

(^) Antiserum to virus-sap of tobacco, when used in an appropriate 
amount, has the power of completely inactivating virus-sap. 

A corresponding quantity of antiserum to normal tobacco sap, or 
normal rabbit or guinea-pig serum, does not exhibit the same preven- 
tive action on virus-sap. 

(//) There is some evidence that a spedfic antibody to virus-sap, 
lytic in nature, is present in the homologous antiserum. 
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In closing, the writer gratefully acknowledges the valuable criticism 
and suggestions offered by Doctor F. P. Gay and Doctor L. 0. Kunkel 
in the course of these experiments. 
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THE RELATION OF CHROMATIN TO HEMOGLOBIN AND 

BILIRXJBIN. 

By HEIOIAN H. RTECKER. 

(prom the Deportment of Internal Medicine^ Unhersity Hospital, Lniiersity of 
Michigan, Ann Arlor^ 

Plate 44, 

(Received for publication, ilarcb 6, 1929.) 

Recent studies of body pigment metabolism have given rise to tvro 
questions which await correlation. One is the origin of hemoglobin 
and the other that of the formation of bilirubin from other sources 
than hemoglobin. It is commonly accepted that blood pigment is the 
precursor of bilirubin, but Whipple (1) has suggested that hemoglobin 
and bilirubin may be formed independently of each other, probably 
in the liver, the former ‘‘by a progr^ive synthetic grouping of amino- 
acids, iron and other materials, which finally results in the finished 
product hemoglobia,” 

However there is evidence that hemoglobin appears in conjimction 
with the development of the erythrocyte and that it is derived from 
the chromatin of the hematopoietic cells. Schmidt (2), and more 
recently Sabin (3), have observed the presence of hemoglobin in the 
developing blood cells, although A. B. Slacallum (4) first described 
its origin from the chromatin of the hematoblast in both amphibia 
and mammals. 

Macallum devised methods of identifying cellular iron by micro- 
chemical methods and was able to distinguish the iron in hemoglobin 
from that in the chromatin of cells. His results showed that the first 
trace of hemoglobin in the earliest stages of an erythroblast was in the 
mitotic figure when the ceU was dividing. These observations were 
based upon the fact that the iron in hemoglobin cannot be “unmasked’’ 
and specifically stained, wMe that of chromatin readily yields its 
iron in the presence of mineral acids. 

Since all the cells of the body contain chromatin, it is necessary to 
account for the fact that in these hemoglobin is not produced. Anson 
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and Mirsky (5) and Keilin (6, 7) have shown that all animal and 
Vegetable cells (except anerobic bacteria) contain a respiratory pig- 
ment, called cytochrome, or haem. The function of this pigment is 
identical with that of hemoglobin and the folloiving diagram illustrates 
Keilin’s conception of the relation of cytochrome and hemoglobin to 
cell respiration in the body: 

O2 ^ blood Hb muscle Hb — > cytochrome — > R 

I _J 

R being the oxidized substance in the cells. 

The cytochrome or haem of the ordinary cell is then the analogue 
of the hemoglobin in the erythrocyte. It is logical to suppose that 
cytochrome is derived from the chromatin of the cells containing it 
and that on the death of the cell it yields bilirubin in the same manner 
as hemoglobin. A diagram illustrating this conception of the rela- 
tion between tlie respiratory and bile pigments might be constructed 
as follows: 

Chromatin — >Haem ) Bilirubin 

Hemoglobin ) Iron 

It is evident from this discussion that the theory of a pr im ary 
“pigment complex” as expressed by Whipple (1) need not be postu- 
lated because chromatin itself wherever its location is probably the 
precursor of both hemoglobin and the respiratory pigment of the cells, 
and from these bilirubin is derived. 

The relation of chromatin to hemoglobin formation could be 
strengthened further if it were possible to demonstrate a quantitative 
relationship between the rate of regeneration of hemoglobin to the 
chromatin content of the bone marrow cells in an animal with anemia 
due to hemorrhage. This possibility has been examined in work now 
to be described. 

It was shown in a previous paper (8) that hemoglobin formation 
could be inhibited in an anemic animal by iron starvation. hlcMaster 
and Haessler (9) were able to show that body iron depletion causes a 
depression of red blood cell formation in the bone marrow. It follows 
then that by modifying the amount of iron available to the body cells 
one should be able to stimulate or inhibit bone marrow cell growth 
as well as hemoglobin formation. 
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Methods. 

The general plan of study foUovred the methods previously described byWTiipple 
and Robscheit-Robbins (10), dogs being used as experimental animals. The 
bone marrow was studied first, during a period of rapid blood regeneration and 
second, during a period of relative iron starvation, while the peripheral hemoglo- 
bin level was held stationary. Blood regeneration was stimulated by feeding iron 
dtrate or raw fiver in relatively large amounts. 

In the study of the relation of iron to hemoglobin formation in the bone marrow 
the methods described by hlacallum were followed in making microcbemical 
stains of the bone marrow cells. The marrow from the femur was chosen as 
representative because the decaldfication of rib made the specimen unfit for the 
staining of iron. In each instance marrow from several parts of the bone were 
ptepaxed and sections w ere cut also from the spleen and liver. The fresh tissue is 
fixed in 95 per cent alcohol, sectioned, and then placed in a solution of mineral 
add and 95 per cent alcohol. ISitric, hydrochloric or sulphuric add may be used, 
preferably the latter in 4 per cent concentration. After a short period (12 to 24 
hours depending on the nature of the tissue) the sections are stained by applying a 
mixture of freshly made ammonium sulphide, and ^ycerine to the tissue and heat- 
ing this preparation at a temperature of 55*^ for several days. The iron containing 
parts of the cell will then appear green in color whfie any substance containing iron 
not capable of being unmasked in the process will remain unstained. Of the 
several methods of demonstrating iron in tissue, it appeared after considerable 
experimentation that the ammonium sulphide-glycerine method was the most 
suitable. The sections were also stained with an aqueous solution of 0.5 per cent 
hematoxylin but the clearing of the section permitted by this method did not 
compensate for the lack of uniformity which they presented owing presumably to 
an inconstant hydrogen ion concentration (11), The steps in the preparation of 
tissue for examination were as follows: 

1. Fixation in 95 per cent alcohol 24 hours. 2. Absolute alcohol 12 hours. 
3. Xylol and paiaSn. 4. Sectioning (6 thick). 5. Place on slide without 
adhesive. 6. After dr3dng dissolve parafon in xylol and place in acid alcohol 24 
hours vdth sealed cover. 7. IVash in 95 per cent alcohol thoroughly. 8, Place 
one drop of ammonium sulphide and one drop of glycerine on preparation, mix 
vnih glass rod and seal with cover slip. 9. Place preparation in wanning oven 
4 days. 

Seven dogs were used in the experimental work but only the protocols are 
given of those from which photographs were taken. They were fed a bread 
mixture consisting of starch, bran, tomatoes, wheat flour, sugar and yeast. The 
iron content of the bread mixture was found to be 0.0055 per cent. The dogs 
were allowed only distilled water, and during the last 7 to 10 days of a period in 
which it was desired further to restrict the iron intake only milk was given the 
animals. These steps insured a rather high degree of iron restriction. 

All the dogs had been continuously used in other experiments for a year prior 
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to sacrificing, and the hemoglobin had been maintained at a low level during this 
period. Dog 4 was fed 300 gm. of raw beef liver daily until hemoglobin produc- 
tion had reached a maximum. The dog was killed and the bone marrow removed 
by splitting the shaft of the femur and removing the bone marrow intact for 
hardening. In Dog 10 the hemoglobin level was receding without the necessity 
for hemorrhage at the time the animal was sacrificed, while in Dog 13 ferric citrate 
was used to increase hemoglobin production before studying the iron content of 
the bone marrow. 


TABLE I. 

Rate of Regeneration of Hemoglobin When Bone Marroxv IT^a^ Studied, 
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Hcraa- 



Date 

blood 
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Ox>’gen 

capacity 

Hb 
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per cent 
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Dog 4 


192S 
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1 cc. 

per cent 


rm. 




Feb. 20 


■UM 

56.3 

El 

1.5 

29 

12,9 

Stock bread plus 

f 23 

6.54 

liB 

60 

B| 

1.5 

30 


raw beef liver 

IMar. 1 


10,6 

57.3 

100 

7.9 

30 


300 gm. daily 

“ 5 


11.7 

63.3 
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S.7 

32 
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Dog 10 
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10.5 

56. S 
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51.4 
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Dog 13 
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6.09 

IS 

50 

20 
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26 


Bread plus Fe 
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wm 

66 
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34 


cit. 50 cc., 0.5 
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6 


■ 

Dog killed 




■ 

per cent 


The tissue blocks were cut at intervals during progress of tlie experiment, but 
staining procedures were carried out simultaneously on tissues on which compari- 
sons of the staining reactions were to be made. The sections, usually four from 
each animal, were carried through the procedure to the wanning oven at the same 
time, and when photographs were desired these were all made on tlie same morn- 
ing for the entire set under identical conditions as to light, exposure, magnification, 
filters and development. ]\Iacallum found that the use of a steel blade in cutting 
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sections did not alter the staining depth although the handling of sections 
^rried out by means of glass rods always in ^ass containers. Study of indi- 
vidual cells was not undertaken since it was desired only to demonstrate the pos- 
sible relation of rapid hemoglobin production to the amount of iron in bone marrow 
cells generally. It was necessary to observe in the sections that the green color due 
to iron was confined to the nuclei because any general diffusion of the color which 
occurred was evidence that the section was improperly prepared and must be 
discarded. 

A direct estimation of the iron balance in dogs is impossible because of the large 
content of hair in the stools. However work in progress shows that a considerable 
depletion of the normal level of blood serum iron takes place under these conditions. 

KESXJXTS. 

The accompanying photomicrographs show the relative condition 
of the bone marrow with regard to its chromatia content. The sec- 
tions demonstrated clearly that the iron content of the hematoblast 
is dependent on its chromatin content and that this in. turn can be 
modified by iron feeding imder the conditions of the experiments. In 
the animals in which the hemoglobin level is being barely maintained, 
nuclear chromatin stain is pale, while in those in which, regeneration 
of hemoglobin was proceeding rapidly a heavy iron stain in the bone 
marrow is demonstrated. 

The same phenomenon was present in sections from the spleen but 
in the Uver the differences yrere not so manifest. As compared with 
the normal animal, however, all the tissues were poor in iron when 
anemia was present, and regardless of iron intake. Stains made of 
the liver and spleen of anemic dogs gave a much weaker chromatin 
reaction than those obtained from normal animals. 

The interpretation of the depth of staining which different body 
cells e,xhibit after being subjected to the technique has been carefully 
considered. Since the chromatin is confined to the nuclei of the cells, 
the richness of its network is localized and the staining method itself 
prevents diffusion of iron into the surroimding tissues because water 
is not used in the preparation of the spedmen. In order to further 
safeguard against mistakes in the subjective interpretation of the 
depth of staining only the two extremes in iron content were used. 
The bone marrow was cither causing rapid production of hemoglobin 
or the hemoglobin level had remained stationary for a long period of 
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time under a constant stimulus. Hueck (12) has demonstrated a 
true comparison between the microchemical stain and chemical analy- 
sis of the tissues and his results have been confirmed in this laboratory 
by having a disinterested observer compare stained sections with the 
chemical analysis of tissues. The photomicrographs were made with 
the use of a red filter over a field large enough to include many cells. 

The hypotliesis that body cell chromatin, through cell metabolism, 
becomes the primary pigment complex is in no way antagonistic to 
the prevalent theories of pigment formation. It simply utilizes the 
facts already available and reduces the question to simpler and more 
basic considerations, whereupon investigation may continue. 

SUMMARY. 

1. Attention is directed to the diversity of opinion among investi- 
gators regarding the site and manner of hemoglobin formation in the 
body and its relation to bile pigment metabolism. 

2. It is probable that in forming new hypotheses on tliis subject 
the earlier work of A. B. Macallum on the relation of chromatin to 
hemoglobin formation has not received sufficient consideration. 

3. It has been shown by means of microchemical iron stains of the 
bone marrow cells, that the iron content of the hematoblast is in- 
creased during rapid hemoglobin production in simple anerm'a. 

4. This fact is compatible with the work of j\Iacallum who believed 
that hemoglobin is derived from the chromatin of the hematoblast. 
It does not support a theory that hemoglobin is formed as a part of 
a circulating pigment. 

5. It is suggested that bilirubin is derived from the chromatin of 
body cells through the intermediary stages of the respiratory pig- 
ments, hemoglobin and cytochrome, from erythrocytes and other 
cells, respectively. 
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EXPLANAXrOX OF PLATE 44. 

^ Fig. 1. Dog 13, fed Fe citrate. Bone marrow, femur showing increased den- 
sity of cells. Preparations cannot be cleared for photographs. Red filter used. 
Oil immersion with No. 10 ocular. Sulphuric acid alcohol 24 hours. Ammonium 
sulphide-glycerine. 

Fig. 2. Dog 10, iron stan^ed. Same as above showing lessened densit}' of bone 
marrow cells. 

Fig. 3. Dog 4, fed liver. Shoi^ang moderate increase in chromatin network. 
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EXPEKDMENTAL DEHYDRATION; CHEMICAL CHANGES 
IN 'IHE BLOOD OF THE DOG CONTRASTED mTH 
those FOLLOWTNG OBSTRUCTION OF THE 
CARDIAC END OF THE STOMACH. 

By KTJSSELL L. HADEN, akp THOilAS G. ORR, MJ), 

{From the VnixtrsHy oj Kansas School of Ucdidnc, Kansas City, Kaiisas.) 

(Received for publication, Llarch 13, 1929.) 

Numerous factors are operative in the development of the toxemia 
characteristic of both simple and strangulation obstruction of the 
upper intestinal tract. Hartwell and Hoguet (1) were the first to 
emphasize the importance of dehydration and to show that life can 
be prolonged by supplying water. We now consider in every case of 
intestinal obstruction dehydration as well as other factors, such as 
hypochloremia. It is difficult to decide just what part anhydremia 
plays in the toxemia. One also does not know how far other factors 
may be dependent on the dehydration. 

Experimental dehydration in the dog has been thoroughly studied over short 
periods of lime by Keith (2). He found no marked changes in the urea nitrogen 
and carbon dioxide combining power of the plasma. The serum chlorides showed 
a constant increase averaging about 10 per cent. With the pol>Tiria there was an 
increased urea and chloride output. On restoring the water balance sodium 
chloride was retained. Keith dehydrated his animals by injecting intravenously 
a 50 per cent solution of glucose or sucrose at the rate of 8 gm. per kilo of body 
weight over a period of 2 hours. Afackay and JIackay (3) made similar studies 
over a longer period on rabbits dehydrated with a h>'pertonic solution of sucrose. 
Blood chemical determinations on such animals from day to day showed a marked 
increase in blood urea. The rise in blood urea they ascribed largely to increased 
urea formation from accelerated tissue catabolism. 

Dehydration as observed clinically in infants suEering from nutritional disturb- 
ances has been well studied by Utheim and others (4) , The subject of anhydremia 
has been renewed by Marriott (5). The characteristic features of dehydration 
arc: an increase in nscosity, an increase in non-protcin nitrogen due to both reten- 
tion and accelerated protein destruction, decreased ox>'gen capacit)% decreased 
blood volume and volume flow, impairment of renal function, a negative nitrogen 
balance, an increased dcstrucrion of body protein, and fever. Most of these 
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features are equally characteristic of upper gastro-intestinal tract obstruction. 
The increase in non-protein nitrogen was one of the first recognized chemical 
changes in the disease, and has been confirmed b}'' all later workers (6). There is 
an increased nitrogen excretion (7) due to an increase in protein destruction. 
The viscosity is much increased (8) witli necessarily an accompanying decrease 
in volume flow. The oxygen capacity is decreased (9) and renal function is im- 
paired (10). Long ago Spiegler (11) and others demonstrated an increased nitro- 
gen excretion after water deprivation due to accelerated protein breakdown. 

The experiments herein recorded have been made to compare the 
changes observed in upper gastro-intestinal tract obstruction with 
those of simple dehydration and determine in how far the chemical 
changes in obstruction might be explained by dehydration alone. The 
dehydration was effected by making daily one or more injections of a 
50 per cent sucrose solution, 8 cc. per kilo of body weight being given 
at each injection. Urine collections are most difficult to make in intes- 
tinal or pyloric obstruction. We have shown (12) that dogs ivitli ob- 
struction of the cardiac end of the stomach develop a typical toxemia 
even more marked than with intestinal obstruction. Such animals 
cannot vomit so urine collections can be satisfactorily made. For this 
reason the results in a series of such animals are compared with 
those of a group dehydrated with sucrose. 

Method. 

All operations were done under ether anesthesia with aseptic technique. The 
obstruction of the cardia was effected by ligating with tape. All injections w^ere 
made slowly into the jugular vein. The non-protein nitrogen was determined by 
the method of Folin and Wu (13), the urea nitrogen by the Van Sl^ke and Cullen 
modification of the Marshall method (14), the CO 2 combining power by the method 
of Van Slyke and Cullen (15), and the chloride on the tungstic acid filtrate in the 
manner suggested by Gettler (16). The hematocrit reading was obtained by cen- 
trifuging 10 cc. of blood mixed with 2 cc. of 1.6 per cent sodium oxalate (17) at 
high speed for J hour. The fibrin determinations were made on this oxalated 
plasma by the method of Foster and Whipple (18). The total protein of the serum 
was determined by the micro Kjeldahl method. The globulin was precipitated 
with 22.2 per cent sodium sulphate as suggested b}^ Howe (19) and the albumen 
determined in the filtrate. The globulin was obtained by difference. 

EXPERIMENTAL OBSERVATIONS. 

The chemical findings in the blood and urine of five animals dehy- 
drated with sucrose are shown in Table I. The animals survived three 
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to five days, the average duration of the experiment being 3.8 days. 
Four animals showed a terminal rise in non-protein and urea nitrogen. 
The CO- combining power showed little change. The blood chlorides 
were uniformly elevated, the average increase being 13.9 per cent. 
The fibrinogen content of the plasma was increased in all animals. 
The total protein of the serum showed an average increase of 18 per 
cent. This increase was largely in the albumen fraction. The plasma 
percentage as determined in the hematocrit tube showed a decrease in 
all animals although in three animals there was a terminal increase. 
The average output of urine was 1102 cc. for the duration of the ex- 
periment. The nitrogen output was variable. The chloride excretion 
was usually high. 

The findings in five animals with obstruction of the cardiac end 
of the stomach are shown in Table IT. All animals showed the charac- 
teristic rise in non-protein nitrogen and urea nitrogen. The CO- 
combining power showed little change. In three animals there was 
a slight fall in chlorides and in two a slight rise. The fibrinogen con- 
tent of the plasma is uniformly markedly increased. The total 
protein of the serum shows in every animal a marked increase. This 
increase affects both the globulin and albumen fractions. The plasma 
percentage is decreased. All animals showed a diuresis with a rather 
high nitrogen and salt output. 

DISCUSSION. 

The comparative data in dehydration and in obstruction of the car- 
diac end of the stomach are summarized in Table m. Several signif- 
icant facts are evident. The increase in non-protein nitrogen and 
urea nitrogen is much the same in the two groups, although slightly 
higher in obstruction nith a shorter average duration of life. The 
chlorides show the characteristic rise with dehydration. There is a 
slight fall with obstruction. The fibrinogen figures also show a marked 
difference in the two groups. With dehydration the average final 
determination is appro.ximately double that of the initial determina- 
tion; with obstruction the fibrinogen value is appro.ximately quad- 
rupled in a shorter time. The average protein increase with dehydra- 
tion is 1S.6 per cent, with obstruction it is 33 per cent. The final 
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plasma volume is less with obstruction than with dehydration. The 
average total urine output for the duration of the experiment is 1102 
cc. or 105 cc. per kilo with dehydration as contrasted with 621 cc. or 
57 cc. per kilo in obstruction. At autopsy the stomach and intestinal 
tract of the animals with obstruction of the cardia contained only a 
minimal amount of fluid. 

These results show that with a much less marked anhydremia the 
animals with obstruction of the cardiac end of the stomach present a 
much more marked chemical evidence of toxemia than animals simply 
dehydrated with sucrose. These facts indicate that there must be 
some factor besides dehydration in the characteristic toxemia of car- 
diac obstruction. This generalization must apply also to pyloric and 
high intestinal obstruction. 

SUMMARY AND CONCLUSIONS. 

A comparative chemical study of the blood and the urine of the dog 
with experimental dehydration and with obstruction of the cardiac end 
of the stomach is reported. 

The average duration of life is slightly longer with dehydration 
than with obstruction. 

The urine output per kilo of body w'^eight is almost twice as great in 
dehydration as with obstruction. 

The increase in non-protein nitrogen and urea nitrogen is much the 
same in the two groups although somewhat more marked with ob- 
struction. 

The chlorides of the blood are markedly increased with dehydration 
and slightly decreased with obstruction. 

The increase in fibrinogen and total protein is twice as great with 
obstruction as with dehydration. 

These findings indicate that there must be some factor or factors in 
addition to dehydration producing the toxemia of cardiac obstruction. 
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CHEmCAL FINDINGS IN THE BLOOD OF THE DOG AFTER 
CLOSED-LOOP OBSTRUCTION OF THE JEJUNUIvI. 

By KOSSELL L. HADEN, M.D., ajh) THOilAS G. ORR, M.D. 

(From the Universily of Kansas School of Medicine, Kansas City, Kansas.) 

(Received for publication., March 13, 1929.) 

The chemical changes in the blood oi man and the experimental 
animal after simple intestinal obstruction are -well established. There 
is typically a rapid fall in chlorides, usually a coincident rise in the COi 
combining power, and a later increase in the non-protein nitrogen and 
urea nitrogen (1) . In such an obstruction there is probably no absorp- 
tion of toxic bodies, the product either of bacterial action or of digestive 
activity, from the lumen of the intestine. However, there may be a 
disordered function of the mucosa. 

t In strangulation obstruction other possible factors in the character- 
istic toxemia are added to those encountered in simple obstruction. 
As a resiilt of the interference with the blood supply of the obstructed 
loop toxic bodies from the autolysis of the strangulated tissue as well 
as from bacterial and digestive activity may be absorbed. Wangen- 
steen and Waldron (2) have shown that the products of the autolysis 
of the small intestine are very toxic. Alann (3), and Mason and 
Davidson (4) had previously demonstrated a marked difierence in the 
toacity of the products of autolysis of difierent organs when allowed to 
autolyze within the abdominal cavnty. Liver is very toxic while the 
spleen is relatively little so. IWiipple (5) has shown also the very 
marked toxic effect of the autolyzing mucosa of the small intestine 
after exposure to the x-ray. 

The e.xperiments recorded here have been made to compare the 
chemical findings in the blood of the dog with closed-loop obstruction 
of the upper jejunum with those characteristic of simple obstruction 
at the same level. In these experiments there is no interference with 
the blood supply. With such dosed loops there is the best of oppor- 
tunity for the absorption of the products of digestive and bacterial 
activity due to the pressure which always develops as the loop dis- 
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TABLE I. 

Chanical Findings in Blood of Dog with Closed-Loop Obstruction of Jejunum. 


Doc No. 

Day after 
operation 

Blood 

COi combining 
power 

Amount per 100 cc. 

Non-protein 

nitrogen 

Urea nitrogen 

Chlorides 
(as NaCI) 



vts. 

wg. 

wg. 

vol. per cent 

4-93 

0 

28.2 

14.0 

490 

39.0 


1 

118.0 

58,8 

380 

50.2 

5-04 

0 

20.2 

9.8 

480 

36.2 


1 

20.3 

10.5 

410 

41.9 


2 

20.3 

10.5 

450 

34.3 


3 

34.9 

17.7 

350 

38.1 


4 

74.3 

37.8 

270 

— 

5-18 

0 

32.6 i 

17.5 

520 

36.2 ' 


1 

40.0 1 

25.2 

460 

43.8 


2 

41.9 

23.1 

450 

42.8 


3 

238.0 

127.2 

440 

40.0 


4 

234.0 

125,3 : 

320 

— 

5-17 

0 

36.6 

1 

19.6 1 

410 

53.9 


1 

37.5 

19.6 1 

320 1 

44.7 


2 

77.3 

36.4 

330 

25.6 


3 

152.0 

82.0 

320 

28.7 

4-96 

0 

22.4 

11.2 

470 

38.1 


1 a.m. 

36.9 

! 19.6 

390 

48.3 


p.m. 

36.9 

18.6 

350 

45.7 


2 a.m. 

45.7 

25.9 

' 320 

52.0 


p.m. 

78.0 

40.6 

300 

60.5 


3 a.m. 

84.3 

42.0 

290 

65.3 


p.m. 

205.0 

102.2 

270 

65.3 


4 a.m. 

! 246.0 

121.2 

220 

67.1 


p.m. 

246.0 

122.6 

220 

68.1 

4-95 

0 

' 20.2 

4.2 

460 

38.1 


1 a.m. 

43.6 

21.7 

400 

43.8 

i 

p.m. 

48.9 

24.5 

410 

44.7 


2 a.m. 

45.3 

23.1 

370 

50.2 


p.m. 

58.0 

29.4 

330 

50.2 


3 a.m. 

103.0 

75.7 

250 

38.1 
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tends. Almost all animals also show quite marked necrosis of the 
mucosa. This type of obstruction has, of course, no clinical analog. 

Method, 

All operations were done under ether anesthesia with aseptic technique. A 
loop of upper jejunum 8 to 10 inches in length was isolated and the ends dosed by 
inverting and suturing the dosed ends. The continuity of the intestme was re^ 
storing by making alateral anastomosis. The animals were allowed water ad libiUtm 
but were given no food during the course of the experiment. Blood was obtained 
from the jugular vein for chemical analysis before operation and at 12 or 24:“hour 
intervals xmtil the end of the experiment. The non-protein nitrogen was deter- 
mined by the method of Folin and Wu (6), the urea nitrogen by the Van Slyke and 
Cullen modification of the hlarshaii method (7), the CO 2 combining power by the 
Van Slyke and Cullen method (8), and the chlorides on the tungstic add filtrate in 
the manner suggested by Gettler (9). 

obseevaxioks. 

The blood chemical findings in 6 dogs with dosed-loop obstruction 
are shown in Table I. All animals showed the changes typical of 
simple high intestinal obstruction. The fall in chlorides is well marked 
in all. The increase in non-protein nitrogen and urea nitrogen which 
takes place in intestinal obstruction in a very short time is well shown 
in this series of experiments. The non-protein nitrogen of the blood 
of Dog 4-93 rose from 28.2 mg, per 100 cc. to 118 mg. within 24 hours 
after the obstruction was made. In Dog 4-96 the non-protein nitrogen 
increased from 84.3 mg. to 205 mg. per 100 cc. between the morning 
and afternoon determinations. Such increases can be explained only 
on the basis of a great acceleration of protein destruction. 

At autopsy the closed loop was alw’ays markedly dilated, and usually 
discolored. In some there was marked destruction and desquama- 
tion of the mucosa of the loop. No animals are included in which 
there was peritonitis or evidence of leakage from the loop. Usually 
there was a great deal of vomiting from the onset of the experiment. 
In each animal the lateral anastomosis was functioning so the con- 
tinuity of the lumen was assured. 

DISCUSSION. 

^ These results only emphasize that the changes characteristic of 
simple intestinal obstruction also take place when a closed intestinal 
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loop is made with a lateral anastomosis for resumption of continuity. 
The increase in non-protein nitrogen is rapid and most marked. The 
animals live a shorter time than with simple obstruction. The in- 
creased absorption and possibly disordered function of the mucosa 
which must take place, only accelerate the toxemia and the character- 
istic chemical changes. 

SUMMARY AND CONCLUSIONS. 

The chemical findings in the blood of 6 dogs with closed-loop 
obstruction of the upper jejunum are reported. 

The duration of life with closed loops is less than with simple 
obstruction. 

All animals showed a marked rise in non-protein nitrogen and urea 
nitrogen, and fall in chlorides. Usually the CO 2 combining power 
of the plasma is increased. 

The findings in closed-loop obstruction are essentially the same as in 
simple intestinal obstruction. 
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INTRADERJIAL VERSUS SUBCUTANEOUS BMUNIZATION 
OF ilONKJEYS AGAINST POLIOIMYELITIS. 

By F. W. STEWART, C. V, RHOADS, M JD. 

{Frcm the Laboratories oj The Rochefdkr Institute for Medical Research.) 

(Received for publication, Alarch 2, 1929.) 

Early experiments of Flexner and Lewis (1), Levaditi and Land* 
Steiner (2), and Romer and Joseph (3) showed that monkeys once 
recovered from poliomyelitis are immime to subsequent intracerebral 
inoculations of poliomyelitis virus. This immunity was apparent no 
matter how slight had been the symptoms of the initial infection. 
The refractory state was of long duration and was absolute within 
the limit of infecting doses employed. These same workers noted 
that sera of convalescent monkeys, when mixed with poliomyelitis 
virus in vitro^ rendered the material, otherwise infective, inactive when 
introduced intracerebrally in test animals. 

These observations became the basis for numerous efforts to immunize animals 
against experimental poliomyelitis. Flexner and Le'svis (4) injected monkeys 
subcutaneously vrith living active virus, beginning vdth a dose of 0.05 cc. Tins 
amount v;as given daily for four days and the series was repeated twice with a 
four day rest period between each individual set of injections. After the last 
intcrv’al the animals received on successive days 0.1, 0.5, and 1.0 cc. of \Trus, and 
after one month 5.0 cc. A week’s rest period then followed, after which time the 
animals were tested intracerebrally with 2.0 cc. of fresh Berkefeld filtrate of 
poliomyelitis wrus. Control monkeys which received 0.1 to 0.01 cc. of a similar 
filtrate intracerebrally developed tx-pical poliomyelitis, whereas the vaccinated 
animals remained free from symptoms. 

Levaditi and Landsteincr (5) attempted to immunize monkeys by a single sub- 
cutaneous inoculation of 0,5 cc. of wrus suspension previously heated to 50® C. 
for 30 minutes. They failed to produce any immunity by this treatment. In 
another experiment glyccrinatcd virus u'as heated to 50® C. for 2 hours; this heated 
virus was still active in producing disease when inoculated intracerebrally, but 
did not infect when given daily in subcutaneous doses of 2 cc. each over a period of 
one month. Nine days after the last subcutaneous injection two treated monkeys 
were tested intracerebrally. One of these showed slight prodromal s>vnptoms of 
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poliomyelitis and the second gave no evidence of disease, whereas the control 
developed typical poliomyelitis. 

Kraus (6) attempted the attenuation of poliomyelitis virus by phenolization 
and found that virus treated by 1 per cent phenol was rendered ineffective in four 
days, even wlicn inoculated subdurally. He tlien endeavored to immunize mon- 
keys by subcutaneous injection of 5 to 10 cc. of virus treated with varying concen- 
trations of phenol for different periods of time. Of fifteen animals subjected to 
intracerebral test inoculations, twelve were immune. It is interesting to note 
that three animals immunized with virus treated with 1.5 per cent phenol for five 
days — a procedure calculated by Kraus to render virus inactive — were completely 
protected. In a second communication Kraus (7) reports results on two animals, 
one of which received S cc. of fresh virus cord emulsion subcutaneously, followed 
fifteen days later b)^ 6 cc. of 0.5 per cent phenolized cord; a second monkey received 
6 cc. of 0.5 per cent phenolized cord. Ten da 3 ^s later both monkey's resisted a 
test intracerebral inoculation ^Yith paper filtrate, whereas a control developed the 
t 3 ’^pical disease. 

Olaf Thomsen (8) gave monke 3 ''s dail 3 ’’ sub-infective inoculations subcutaneousl 3 ’' 
for twelve days and subsequently at ^weekly intervals, 0.06, 0.2, 0.4, 1,0, and 2.0 
cc. of virus suspension. AH animals were then resistant to intracerebral test but 
the author states that every animal showed S 3 Tnptoms sudi as excitement, tremor, 
and ataxia, during immunization. A second group was treated, using consider- 
ably smaller immunizing doses; of this series no animal showed s 3 "mptoms during 
the immunizing procedure, yet all resisted test inoculation. The initial immuniz- 
ing dose in this second series was only one hundredtii of the estimated intracerebral 
infecting dose. 

Zappert, Wiesner, and Leiner (9) attempted to immunize four monkeys by 
means of subcutaneous injections of gradually increasing doses of active \arus 
emulsions. During the immimization, two of the animals died of intercurrent 
infection, one of typical poliom 3 ’’elitis, and one of a supposedly marantic t 3 pe of 
the disease. They attempted to induce an artificial immunity in one animal by 
tlie use of phenolized virus. The monkey developed the disease during the treat- 
ment designed to immunize against it. 

Flexner and Amoss (10) described a so-called immimizing strain of poliom 3 ^elitis 
virus. To free a contaminated glycerinated brain from organisms, the tissue was 
immersed in 0,5 per cent phenol for a few hours and replaced in glycerine. This 
procedure was repeated once. The animals were subsequently infected with 
1.0 cc. of 10 per cent suspension, their disease running an average eleven day 
course. In a series of passages the virulence of the strain decreased until a point 
was reached where the monkeys showed very few s 3 miptoms, — such as ataxia, 
tremor, and slight convulsive seizures — recovered, and were subsequently im- 
mune to strong virus. 

Abramson and Gerber (11) treated emulsions of brain and cord of poliomyeli tic 
monkeys for four hours with 0.5 per cent formaldeh 3 "de; this material was infective 
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when introduced subcutaneously in monkeys. They then endeavored to immunize 
by heated vims. On five successive days monkej'S were mjected with cord emul" 
sion; the emulsion was heated to 55°C. for thirty minutes the first and second day, 
to 45®C. for thirty minutes the third day, to 37®C. for thirty minutes the fourth, 
and was used without preliminary heating on the fifth day. The dose was 5 cc. 
on each day. Three weeks after treatment the animals were bled and their sera 
tested for its power to neutralize virus. Of eight sera, three neutralized, four 
led to prolonged incubation period, and one failed. Intracerebral tests indicated 
that five of the treated monkeys were resistant to three to six minimum lethal 
doses of virus, whereas three proved susceptible. 

In another series of three monkeys, Abramson and Gerber gave daily injections 
subcutaneously of 5 cc. of 10 per cent cord emulsion previously heated to 55®C. 
for one hour. On intracerebral test three weeks later, all developed poliomyelitis; 
of the three sera tested, one monkey showed no symptoms and two a delayed 
incubation period but eventually developed the disease. 

McKinley and Larson (12) inoculated monke>"s intracerebrally with 0.15 cc. 
of filtrate of a mixture of 5 per cent emulsion of castor oil soap and virus emulsion. 
The animals remained well and later resisted intracerebral inoculation of 0.7 cc. 
virus filtrate. Four more monkeys received 4 cc. of the virus-soap mixture intra- 
peri toneally; none developed poliomyelitis, whereas a control with virus alone be- 
came paralyzed in a typical manner. Eleven days after the intxaperitoneal virus- 
soap treatment, aU four monkeys were tested intracerebrally; three remained well 
and one developed poliomyelitis. 

The largest and most varied series of tests of poUomyelitis immunization is that 
of Aycock and Kagan (13). These investigators attempted to immimize with 
virus attenuated by various methods. The old experiments of Kraus with phe- 
nolized virus were repeated using material treated with I.O, 0.75, 0.50, and 0.25 
per cent phenol. The mixtures were kept for seven days in the icebox. ^^lonkeys 
were then given four injections every other day of from S to 10 cc., beginning 
with the 1.0 per cent phenolized virus, and ending with the 0.25 per cent. Of 
four animals so treated, two became paralj’zed during the process of vaccination, 
one failed to resist intracerebral test inoculation, and one resisted. In a second 
experiment monkeys were injected subcutaneously with vims cords dried ov’er 
caustic potash from one to twent>’-six da>-s. Two of six monke >*5 became para- 
lyzcd during treatment, two failed to show protection on intracerebral inoculation, 
and two proved resistant Kext, virus cord was exposed to different glycerol- 
walcr dilutions (5 to 50 per cent glycerol) for seven months at ice box temperature, 
^fonkeys ncrc injected daily subcutaneously, beginning with virus from 5 per cent 
glycerol and ending with 50 per cent glycerol. Three animals developed paral>*sis 
during immunization; three failed to resist an intracerebral test; one resisted. In 
another group, virus in agar was introduced subcutaneouslv in eight animals- the 
total %nru5 emulsion given ranged from 20 to 96 cc. of 5 per cent suspension in 
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from three to seventeen injections; two animals became parab'zcd during treat- 
ment, two failed to show subsequent immunity, and two resisted. 

In a fifth experiment virus was introduced intracutancously in from 1 to 2 cc. 
amounts but was distributed in 0.05 cc. blebs, thus making from twenty to forty 
piqurcs each day of inoculation. The total amount of virus injected ranged from 
5 to 76 cc. in six to forty-three inoculations, given during a period ranging from 
fifteen days to five months. Twelve monkeys were used; one became paralyzed 
during treatment; one failed to resist intracerebral inoculation; ten resisted one 
intracerebral test, but of these, two failed to withstand a second such test. Serum 
from eight resistant monkeys neutralized virus twenty-one times; one monkey’s 
serum protected in one test, although the animal itself was not immune to intra- 
cerebral test inoculation. 

From the review of the literature, it is apparent tliat the results of 
experiments designed to immunize monkey's against poliomyelitis 
have been inconclusive. Two facts stand out clearly; first, that it is 
impossible to protect monkeys by the use of killed \drus, and second, 
that a definite though inconstant resistance to poliomyelitis can be 
brought about by the intradermal and subcutaneous introduction of 
the living virus. It was therefore deemed ad\dsable to compare the 
results of the two routes of inoculation in order to gain information 
as to their relative efficacy. The follomng experiments were carried 
out with this point in view. 

Expcn7}icnfal. 

Eight monke 3 ’'s (Table I) were immunized b}’' the intracutaneous route, follow- 
ing in general the procedure of A 3 ’’COck and Kagan. The injections were made 
biweekl 3 '' and the total amount of a single da 3 ’'’s dosage (1.5 to 2.0 cc. of 5 per 
cent gb^'cerolated virus) was distributed in some twenty small blebs. The duration 
of tlie immunizing period was variable, lasting from three to five months. The 
total amounts of vims administered ranged from 42 to 66 cc. Before intracere- 
bral test inoculation, all animals were bled in order to test their sera for vims- 
neutralizing power. The test inoculations were made with fresh virus injected 
intracerebrally in doses of 0.5 cc. of 5 per cent suspension. During the immuniza- 
tion period all animals were obsen^’ed daily in order to detect possible abortive 
symptoms of disease and were exercised to bring out masked weaknesses. 

Eight more monkeys (Table II) were treated in an analogous fashion but re- 
ceived their immunizing virus subcutaneously instead of intracutaneously. The 
amounts of virus used and the time intervals were comparable with those of the 
intracutaneous series, and bleedings and test inoculations were done in the same 
manner. Both tests for active immunity and for passive serum protection were 
rigorousb'’ controlled. The results in the two series are best seen in the tables. 
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discussion. 


The primaTy purpose of this series of experiments "was to determine 
whether the intradermal or the subcutaneous introduction of polio- 
myelitis virus was most effective in protecting monkeys against virus 
inoculation. Reference to Tables I and 11 shows that the degree of 
immunity produced is strikingly in favor of the intradermal method. 
Of the eight nmniaR subjected to that procedure, all but one showed 
slight symptoms of the disease when tested by intracerebral inocula- 
tion of an amount of virus sufficient to cause characteristic poliomye- 
litis in the controls. No animal, however, developed more than the 
mildest abortive symptoms, such as tremor or excitement. No defi- 
nite paralysis developed in any instance, and no subsequent muscle 
atrophy was observed. These results are sharply at variance with 
those of intracerebral inoculation of the group of monkej-s treated 
by subcutaneous inoculation of virus. Four of the eight animals of 
this series developed typical poliomyelitis which progressed to pros- 
tration in two instances, and to well-marked paralysis in the other 
two. The remaining four animals proved to be completely refractory 
to the intracerebral tests. 

During the process of immunization, the animals were closely 
observed to determine whether or not they developed an abortive 
form of poliomyelitis which might explain the subsequent inununity 
to the disease. Wickman (14), during the Swedish epidemic of 1905, 
noticed a considerable number of cases in man, which showed slight, 
transient symptoms, without developmg the outspoken disease. 
Caverly (15), in the Vermont epidemic of 1904, saw six children with 


fever, nausea, and convulsions, whose illness never progressed further. 
Medin (16) also observed such abortive cases. Aycock (17) mentions 
the possibility that mild attacks of poliomyelitis are responsible for 
the development of immunity. In riew of these observations we 


were on the alert to detect slight s>mptoms referable to the treatment. 
However, no deviation from the normal was discovered. Subcutane- 
ous inoculation of rirus has in our e,xperiments on eight animate failed 
to produce the disease, although it has given rise to poliomyehtis in 
the hands of others (Flc-xner and Lewis, Aycock, and Olaf Thomsen) 
As evadcncc of the relative safety of intradermal inoculation of rims' 
m c.xpenmcnts to be reported, as much as 16 cc. of rims suspension 
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has been given intracutaneously at one time vathout producing symp- 
toms, while 0.005 cc. of Berkcfcld filtrate of virus of the same strain 
inoculated intracerebrally consistently produced characteristic polio- 
myelitis in six days. 

The question of the degree of protection conferred by the treatment 
proved to be an extremely interesting one. It has often been observed 
that different strains of poliomyelitis virus vary markedly in their 
power to produce the disease in susceptible animals. We therefore 
attempted to detect degrees of immunity by testing animals by intra- 
cerebral inoculation, not only with virus of the strain unth which they 
had been immunized, but also with other strains. Thus monkeys 
treated with the M.A. strain of virus were tested with a fairly recent 
virus isolated in ^^ermont by Aj’-cock, and animals immunized with 
Aycock strain were tested nnth the M.A. virus. The difference in 
the results is well-marked; monkeys treated in exactly the same way 
proved totally resistant to the relatively weak M.A. virus and not 
totally immune to the stronger Aycock virus. A group of three ani- 
mals immunized with M.A. strain is described in Table III. All 
witlistood subsequent intracerebral inoculation with both M.A. and 
Aycock virus but one of the three developed typical poliomyelitis on 
inoculation with a very active pooled, mixed virus derived from 
material of the original M.A. and K. strains which had been preserved 
in glycerol since 1920 (18, 19, 20). 

That the immunity induced in the monkeys in these experiments is 
relative only, is more strikingly shown by tests employed to determine 
the power of the sera to neutralize the virus. The results of these 
determinations are shown in Table TV. The sera of ]\Ionkeys 1, 2, 
and 3 were pooled in one and those of 9, 10, and 11 in a second group. 
These two mixed sera neutralized, as was to be expected, since on 
intracerebral test the monkeys had proved resistant. JMoreover, 
Sera 6, 7, and 8, derived from monke3'’s which had presented definite 
symptoms of poliomyelitis on intracerebral inoculation, were found 
also to neutralize completely a small, though ample dose, approxi- 
mately 50 M.L.D. of a highly active virus filtrate of the pooled mixed 
virus strain. The results of tlie neutralization tests of sera 12 and 
16 are especially significant. Although the monkeys from which 
they had come had proved ordinarily susceptible to intracerebral 







TABLE IV. 
Serum Neutralizations. 
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inoculation of the active pooled virus, their sera neutralized the same 
potent material. It is interesting to note that in one instance of the 
16 animals tested did the serum fail to exhibit neutralizing power. 

The results of the serum neutralization tests show that degrees of 
immunit}’- to poliomyelitis virus e,xist not only in monkeys but suggest 
that the same condition exists in man. The employment of relatively 
small doses of filtrate of a virus strain, whose potency is quite constant, 
brings out degrees of specific protection in monkeys. Such variations 
would have been totally obscured by the ordinar}’- means of determin- 
ing immunity by the intracerebral inoculation of considerable amounts 
of suspension of virus possessing varying degrees of infective power. 
It is conceivable that the past failures of certain efforts to induce 
immunity in monkeys may be explained, not by the inadequacy of 
the methods employed, but rather by the overwhelming inoculation 
which the animal was required to withstand, doubtless far greater 
than that to which any human would be exposed. The intracerebral 
test inoculation particularly, vdth its associated damage to nervous 
tissue, makes demands upon the immune reaction of an animal many 
times greater than that arising in any natural method of infection. 

CONCLUSIONS. 

1. The introduction of considerable amounts of living, active polio- 
myelitis virus into the skin and subcutaneous tissue of monkeys pro- 
tects the animals against intracerebral inoculations of similar \nrus 
material. 

2. The degree of protection conferred by intradermal is greater 
than by subcutaneous injection. 

3. During intradermal and subcutaneous inoculations, no local or 
general pathological signs were observed. 

4. The degree of protection produced by the immunization methods 
used is not absolute, since a percentage of the inoculated monkeys 
respond to intracerebral injections of liiglily potent virus. 

5. The sera of the animals inoculated intradermally or subcutane- 
ously neutralized poliomyelitis virus in vitro, irrespective of the result 
of intracerebral inoculation, in all except one instance. 

6. The power of the serum of treated monkeys to neutralize virus 
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in viiro is a more delicate test of immunity than is the intracerebral 
inoculation. 

BIBLIOGRAPHY. 

1. Flexner, S,, and Lewis, P. A., /. Exp, Med., 1910, xii, 227. 

2. Levaditi, C., and Landsteiner, K., Compi. rend, Soc, hioL, 1910, ii, 19. 

3. Komer, P. H., and Joseph, K.., Miinch. wed. 1910, x, 520. 

4. Flexner, S., and Lewis, P. A., /. Am, Med, Assn,, 1910, liv, 1780. 

5. Levaditi, C., and Landsteiner, K., Am, ZtisC, Faslenr, 1911, xxv, 827. 

6. Kraus, R,, Z, Immunitdisforsck,, 1911, ix, 117. 

7. Kraus, R., TFien. hlin, Wodt., Feb, 17, 1910. 

8. Thomsen, 01af,Z. ImmunUatsforsch,, 1912, xiv, 198. 

9. Zappert, J., von Wiesner, R., and Leiner, K., Studien iiber dieHeine-Medin- 

sche ELrankheit, Franz Deuticke, Leipzig u. Wien, 1911, p. 189. 

10. Flexner, S., and Amoss, H, L., J. Exp, Med,, 1924, xxxix, 625. 

11. Abramson, H. L., and Gerber, H., J, Immunol,, 1918, iii, 435. 

12. I^lcKinley, J. C,, and Larsen, W. P., Froc. Soc, Exp, Biol, and Med,, 1926- 

27, xxiv, 297. 

13. Ay cock, W. L., and Kagan. J. R-, J, Immunol., 1927, xiv, 85. 

14. Wickman, Studien iiber Poliomyelitis acuta, Berlin, 1905. 

15. Caverly, C. S., J, Am, Med, Assn,, 1896, xxvi, 1. 

16. ^ledin, 0., Verhandlungen des X Internationalen Medizinischen Kongresses. 

Band II. Spedaller Teil. Verhandlungen der Abteilungen I-VI, 1890. 

17. Aycock, W. L., Am. J, Byg,, 1928, viii, 35. 

18. Rhoads, C. P., J Exp, Med,, 1929, xlix, 701. 

19. Flexner, S., and Lewis. P. A., /. Am. Med, Assn,, 1909, liii, 1639. 

20. Flexner, S., and Lends, P. A., J. Am. Med, Asst:,, 1909, liii, 1913. 




STUDIES ON SOUTH AjSIERICAN YELLOW FEVER * 


L The Strains or Virus in Use at the Yellow Fever Labosa- 
10M iSi Bahia, Btiazil. 


By N. C. DAAOS, M.D., xsv A. W. BURKE, MX). 

{From ihe IrAermlioml HeaUh Division of the Rockefeller Foundation, Neva Y ork.) 
(Received for publication, ]Marcb 19, 1929.) 

Up to the time of writing, the middle of January, 1929, there have 
been five strains of yellow fever virus studied in Macaais rhesits 
monk^s at the laboratory in Bahia. One of these strains came from 
Rio de Janeiro, three were picked up from local cases of yellow fever, 
and one was first established in Africa. 

In order that references to these viruses in future publications may 
be more comprehensible, it is out purpose to state briefly how we came 
into possession of the strains. 

F. Strain , — This strain was received from Rio de Janeiro through the kind- 
ness of Dr. Aragao, The human patient, F, W,, was a Hungarian, male, 16 years 
old. He proved to have a mild attack of the disease. Blood was taken approxi- 
mately 4S hours after onset The virus had gone through four passages before 
being given to us. 

Early in September, 192S, Dr. J. H. Bauer brought to Bahia blood and tissues 
from fifth and sixth passage monkeys which he had inoculated in Rio de Janeiro. 
He also brought mosquitoes wluch had fed on these moiike\*s. Among the animals 
inoculated in Bahia after his arrival, two showed temperature curves suspiciously 
like those of mild yellow fever. However, direct transfers from these animals 
were negative; mosquitoes fed on one were definitely proved non-infective and 
those fed on the second were doubtfully infective. 

Previous to Dr. Bauer’s return to Bahia, blood and tissues had been received by 
airplane. At the time it was thought that the results of inoculating this material 
were negative. One animal showed a temperature of 104.8^ on the fourth day, 
but after lancing a superficial abscess at the point of inoculation the fever dropped. 
However, at the height of the fever a batch (Xo. 6) of Atdts was fed on 

* The studies and obscr%'ations on which this paper is based were conducted 
with the support and under the auspices of the International Health Dhnsion of 
the Rockefeller Foundation. 
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TABLE I. 

Fatal Infections of Monkeys after Inoculations with Brazilian Yellow Fever Virus. 
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this monkey. These mosquitoes, together with batch Xo. 7, fed on a sixth passage 
animal in Rio de Janeiro, were allowed to feed on rhesus Xo. 32 on Sept. 17. '^e 
following day the temperature of this animal reached lOd-l^F. and it passed 104 F. 
d^y for five days. On the seventh day the monkey was killed. The liver showed 
some fat and a thin scattering of necrotic cells. It was e^ddent that the animal 
was on the road to recovery when sacrificed. 

From moscjiutoes fed on. rhestcs Iso, 52 the strain was maintained. Separate 
feeding and separate injection of mosquito emulsion of batches Xos. 6 and 7 caused 
no rise of temperature in experimental animals. However, later tests indicated 
that both batches had caused immunit>% 

The F. ^Y. strain in our hands has not proved very virulent. It sometimes gives 
rise to a rather severe temperature reaction, but it has caused death in only three 
instances. 

B,B, Strain.— On Sept. 2, 1928, the writers were notified of a suspected case of 
yellow fever in the person of B. B., a Russian Jew, 16 years of age, who had been 
one year in BtaziL Blood was drawn at 10 .30 a.m, and inoculated into two guinea- 
pigs and a rhesus monkey. The boy was said to have been taken sick at 10 a,m. on 
Aug. 30, although there was an indefinite history" of indisposition since the evening 
of the 29th. At the time of our visit he lay hunched up in bed, rather dull, with 
pulse of 90 and temperature of about 103'^F. The eyes were congested and slightly 
icteric. The tongue was pointed, had red margins, and was furred white on the 
dorsum. The lips were cracked and excoriated. He had complained of headache 
previously. There had been vomiting, but no black vomit. Urine was said to 
contain casts and 1 gm. of albumen per liter. Later he developed bleeding gums, 
and black vomitus appeared. It was clinically a frank case of yellow fever. On 
Sept. 4 he became semicomatose and died in the evening. No autopsy was 
obtainable. 

On the seventh day after inoculation one guinea-pig developed a fever of 105.2% 
but transfer to another animal was negative and blood cultures in semi-solid me- 
dium gave no growth. On the eleventh day the rhesus monkey (No. 31) had a tem- 
perature of 104.3° and transfer was made to another animal (No. 45). The latter 
showed fever on the seventh day. Third and fourth passage animals both had high 
fever on the third day and were sacrificed to obtain tissues for Dr. Bauer to take to 
New \ ork, A fifth passage animal (No. 63) died, but with a complicating peritoni- 
tis. After the seventh passage direct transfers lost in rirulence for a time, owing, 
probably, to shortage of animals and the necessity of using partially immune mon- 
keys. The strain was established again in \dnjlent form through mosquitoes. 
The batch fed on rhesus No. 63 caused a fatal infection when allowed to feed on 
rhesus Xo. 9S. From this point the rirus has been carried by a combination of 
direct transfers and mosquito transmission through a total of at least 14 passages. 
To the end of December. 192S. 135 animals had been inoculated ^rith this strain, 
of which 26 had either died or been sacrificed when moribund. However, this small 
percentage of deaths does not give a true picture of the present rirulcnce, since 
the total (135) includes all those animals used in building up the %"inilcncc,'manv 
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negative or partially successful mosquito transmissions, and a large number of 
animals inoculated with other material and later tested for immunity with the B. B. 
virus. Autopsies on fatal coses have shown the classical picture of yellow fever. 
(See reports by Hudson on African studies.^ 

S, i2. Slravu — On Oct. 26, 1928, Dr, Eduardo do Araujo notified us that he had 
heard of a suspicious case of fever. However, the attending physician had not 
considered it sufficiently suspicious to report to the Health Department. 

We found the patient, S. R., to be a Spanish woman, married, 18 years of age. 
She had become ill on the afternoon of Oct. 23, f.c., approximately 66 hours before 
our visit. Fever had risen to 104°F,, but was down to 100.8®, axillaiy. The eyes 
were not injected nor icteric. The tongue was slightly coated, but was not 
pointed, nor did it have the red margin frequently seen in yellow fever. There had 
been a little bilious vomiting, but no black vomit. The attending physician 
reported the urine to have albumen in considerable amount. The patient ap- 
peared to be in no pain, was bright and attentive, but not anxious. On the 
fifth day she was frankly convalescent, with normal pulse and temperature, with- 
out ever having shown jaundice or black vomit. The only suspicious signs had 
been the albumen in the urine and a rather high temperature. 

Blood taken at the time of our visit (66 hours after onset) was inoculated into 
two guinea-pigs and two rhesus monke3^s (Nos. 116 and 117). On the seventh 
day rhesus No. 116 showed a rise of temperature to 104.2°F, and blood transfer 
was made to rhesus No, 133. The latter had a fever on the day after inocu- 
lation but not again until the fourth day, when the temperature rose to 106.2®F. 
The animal died on the fifth day with t^^pical gross and microscopic lesions of 
yellow fever. Mosquito batch No. 53 was allowed to feed on this monkey on both 
the first and fourth days. Blood transfer from the same monkey to rhesus No, 
142 was made on the fourth da}^ and liver from the autopsy was emulsified and 
inoculated into rhesus No. 143. The two animals inoculated had no obvious reac- 
tion. On Dec, 1 only two stegomyias remained alive in batch No. 53. These 
engorged on rhesus No. 168 and the latter developed a fever of 104.4® on the 
fourth day, but recovered. Blood from tliis monkey (No. 168) was injected into 
M, rhes 7 is No. 186, which died from other causes before showing any signs of 
yellow fever. The surviving two mosquitoes of batch No. S3, together with seven- 
teen others whose remains were fished from the wet cotton and the pan of honey 
in the cage, were emulsified and inoculated into rhcsiis No. 177, without result. 
Mosquito batch No. 72 which had engorged on rhesus No. 168 was allowed to feed 
on rhesus No. 217. On the next day the temperature of this animal reached 104.0® 
and in the second day rose to 104.8®. Blood transfer to rhesus No. 228 proved 
positive. 

The following animals which received S. R. virus have been proved immune to 
B. B. strain virus, having given no temperature reaction following the inoculation 


1 Hudson, N. Paul, Ain, J. Path,, 1928, iv, 395. 
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of virulent material: No. 117 (one of the original blood inoculations), No. 143 
(inoculated wth emubified liver), No. 16S (fed upon by mosquitoes of batch No. 
53) and No. 177 (inoculated vdth emulsified mosquitoes of batch No. 53). M. 
rhesus No. 116, of the first passage of the S. R. strain, proved absolutely resistant 
to the Airican strain of virus. 

J. V, 0. Strain.— On. Sept. 14, 1928, Dr. Barros Barreto came to tell us that a 
suspected case had been admitted to the Isolation Hospital. Later in the evening 
the patient, J. V. 0., a young Spaniard, was seen by Dr. Bauer and the wnters. 
Although only at the end of the third day of the disease, he was already comatose 
and had a normal to subnormal temperature. There was noted muscular twitch- 
ing and bleeding from nose and rectum. It was considered useless to take blood 
for inoculation. He died at 5 a.m., Sept. 15, and the autopsy was started at about 
9-.30 a.m. by Dr. Eduardo de Araujo. Icterus was very marked in the dead 
body. Autopsy findings were t>'pical of yellow fever, including suVepicardial 
hemorrhages, bleeding into stomach and intestines, box-wood liver, and intensely 
injured kidneys. 

Liver, spleen, and kidney tissues taken at autopsy were emulsified separately 
and three animals were inoculated. EJiesus No. 48 received spleen emulsion. A 
severe necrosis of the abdoxmnal wall developed and the monkey was sacrificed on 
the fifth day. There was no evidence of yellow fever. Rhesus No. 47 received 
liver emulsion. A small abscess appeared and there was a slight fever for tv;o 
days. Blood transfer to a normal animal gave no results, and No. 47 recovered. 
On Dec. 10 this monkey was inoculated viith virulent B. B. strain material and died 
on the fourth day with t>i>ical yellow fever. No immunity had developed. 

M. rhesus No. 46 received kidney emulsion. Here also an abscess resulted. 
For four days following injection there was a fever, which upon one occasion 
reached 105.6°. On the second day blood transfer was made to rhesus No. 22, 
but culture of this blood made by Dr. Bauer, yielded a gram negative organism 
thought to be B. colt. 3f. rhesus No. 22 reacted with a high fever, but no further 
transfers were made, because we thought that the infection was bacterial; the 
animal recovered. The temperature of rhesus No. 46 again reached or passed 104''F, 
on the afternoons of the twelfth, fourteenth, and sixteenth days after inoculation. 
Suddenly on the morning of the twentieth day the temperature went up to 105'^F. 
and the monkey was sacrificed. Blood culture at this time yielded a pure growth 
of streptococci. Both blood and liver were transferred to rhesus No. 44. The 
latter animal had prc\*iously been used for experimentation but was considered to 
be nondmmunc. Sections of the liver of rhcstis No. 46 showed the deposition of 
considerable fat, but apparently no necrosis. 

rhesus No. 44 developed an abscess at the point of inoculation and the tern- 
perature passed t04®F. on the first and third days. On the fourth day there was 
a rise to 105.9° and mosquito batch No. 29 was allowed to feed. No bl^d transfer 
was made because it was thought that the fever arose from bacterial infection. 
M . rhesus No. 44 proceeded to recover, wnlh only one more marked rise in temper^ 
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atureon the tenth day. On Dec. 8, rhesus No. 44 was inoculated subcutaneously 
with 3 cc. of liver emulsion from rhesus No. ISO, B. B. strain. Not the slightest 
temperature reaction resulted, although control rhesus No. 188 died with typical 
yellow fever on the fifth day. 

On Nov. 1 mosquito batch No. 29, which had fed on rhesus No. 44, was allowed 
to feed on rhesus No. 132. Four days later the whole batch (58 remaining mos« 
quitoes) was killed, ground up, and inoculated into the same animal. On Nov. 
11 there appeared a fever of 104.6°F. and blood transfer was made to rhesus No. 
154. The latter had a fever on the second and third days. Blood transfer was 
made to rhesus No. 158, and mosquito batch No. 61 was fed. ilf. rhesus No. 154 
later developed a more or less continuous fever and it was sacrificed; early tuber- 
culosis was present. M, rhesus No. 158 had a slight fever, beginning on the seven- 
teenth day after inoculation and appearing on three days. However, this was 
apparently not 3 tI 1 ow fever, because ten days after the last febrile access the animal 
was inoculated with B. B. strain virus and succumbed on the sixth day. 

On Dee. Tmosquito batch No. 61, which had fed on rhesus No. 154, was allowed 
to feed on rhesus No. 1 74, and this monkey had a fever of 104°F. on the second day. 
Eleven days after the infective feed, virulent B. B. strain material (the same as 
used for No, 158) was inoculated but gave no reaction. This J. V. 0. strain, car- 
ried in mosquitoes, has been dropped, since it appeared to be a\arulent and of no 
use for experimental purpose. 

On Sept. 15, the day of the death of J. V. 0., the writers and their assistants 
captured 59 female /I in the bedroom where the patient had slept during 

his illness until removed to the Isolation Hospital. Upon three occasions, the 
first time eight days after capture, these mosquitoes were allowed to feed upon 
rhesus No. 60. Five days after the first feeding and three days after the second, 
this monke 3 '’^s temperature reached 103.9°F. There was then a drop until two 
days later when 104.4® was reached. Blood transferred at this point gave no reac- 
tion. The mosquitoes which fed on No. 60 were allowed to engorge on one normal 
monke 3 ^' without result, but were destro3’'ed through an error before further exper- 
imentation could be carried out. The original mosquitoes caught in the bedroom 
of J. V. 0. were eventually ground up and inoculated into two monke 3 "s. These 
showed no fever and were later proved susceptible to B. B. strain 'vdrus. Evidently 
the virus, if present, was not suflScient either to infect or to immunize two animals. 
However, rhesus No. 60, whicli had shown a temperature reaction following bites, 
appeared to be resistant upon further inoculation. 

African Strain . — ^This is the Asibi strain, which has been in use for man 3 ^ months 
at the laboratory of the West African Yellow Fever Commission of the Rocke- 
feller Foundation in Lagos, Nigeria. It was later established by Dr. Sauyer in 
New York, sent from there to Rio de Janeiro in November, 1928 ^ established at the 
Oswaldo Cruz Institute, and sent from Rio to us through the kindness of Dr. 
Aragao. In our hands it has gone through five passages and has killed eleven 
monkeys. 
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DISCUSSION AND CONCLUSION. 

It would appear that inoculation of rhesus monkeys served a diagnos- 
tic purpose in one of our cases, that of S. R. The disease was so mild 
that in the absence of an epidemic no clinician would have made the 
diagnosis without this laboratory procedure. 

It should be pointed out that following inoculation of liver emulsion, 
and sometimes even of blood, it is impossible to tell whether an early 
fever resulting is due to a protein reaction, to bacterial infection, or to 
true yellow fever. If plenty of animals are available the only safe 
plan is to take blood for subinoculation and for cultures, and to feed 
mosquitoes. Blood may be kept frozen for some time before inocu- 
lation if it is found to be necessar}'-, or if it is desired to await the out- 
come of the disease in the animal bled. 

A combined blood and liver transfer showed the presence of virus in 
rhesus No. 46 twenty days after the original inoculation with kidney 
from the autopsy in the case of J. V. 0. The same animal had had an 
infected body wall and a bacteriemia. 

On the basis of later experience we can see some of our mistakes. 
In the second S. R. passage (rhesus 'No. 133) blood transfer should have 
been made at the time of initial fever, the day following inoculation. 
In the case of rhesus No. 60, mosquito infection from J. V. 0„ transfer 
probably should have been made when the temperature reached 
103.9°F. on the fifth day. Two days later, with a fever of 104.4°r., 
the blood appeared to be non-infective. A temperature of 104°F. 
in monke 3 ’'s is usually a safe borderline between fever and no fever, 
but seemingly not always. 

Our experience with the South American viruses so far indicates 
that it takes much care, patience, and an abundance of monkeys to 
build up and maintain a high degree of virulence. 

For invaluable help in securing these 3 ’-elIow fever strains, and for 
much assistance and advice in establishing the laboratory we grate- 
fully acknowledge our indebtedness to Dr. J. H. Bauer of the West 
African Yellow Fever Commission of the Rockefeller Foundation, 
to Dr. Henrique de Beaurepaire Aragao, of the Oswaldo Cruz Insti- 
tute, Rio de Janeiro, to Dr. Antonio Luiz C. A. de Barros Barreto, 
Director of the Department of Health, State of Baliia, and to Dr. 
Eduardo de Araujo, Director of the Oswaldo Cruz Institute, Sao 
Salvador, State of Bahia. 
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n. Imuxjnity of Recovered Mo>rEEYS to African Virds. 
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{From the International Health Division of the Rockefeller Foundation, Neva York.) 

(Received for publication, ^larch 19, 1929.) 

The purpose of the present paper is to offer further proof of the 
identity of Brazilian and African yellow fever viruses. In addition to 
the clinical and pathological evidence, the literature at the present 
writing contains two reports indicating immunological identity of the 
strains. In June, 1928, Dr. Aragao (1) received African virus, brought 
from Paris by Dr. Carlos Chagas. This was apparently of low vir- 
ulence and caused only a mild febrile reaction. However, the two in- 
oculated animals later proved immune to a Brazilian strain. Recently 
a valuable paper by Theiler and Sellards (2) has presented the results 
of protection experiments in which immune sera from human cases 
of the Parahyba, Brazil, outbreak of 1926 were tested against African 
\drus. Some of the sera were not potent, but others gave absolute 
protection. 

On Dec. 1, 1928, we received African virus, Asibi strain, from the 
Oswaldo Cruz Institute in Rio de Janeiro, through the kindness of 
Dr. Aragao. The strain had previously been established in New York 
by Dr. Saw>’er and was sent by him to Rio de Janeiro, arriving there 
early in November. The establishment of this \-irus in Bahia has en- 
abled us to test the immunity of a number of animals recovered from 
Brazilian yellow fever. 

The results are presented in Table I. In addition to four non- 
immunc controls, three of which promptly died, twenty-two sup- 
posedly immune animals were inoculated. Of the twenty-two one died 
of t>-pical yellow fever, although death occurred three days later than 

• The studies and obsen-ations on which this paper is based were conducted 
with the support and under the auspices of the International Health Din'sion of 
tbc Rockefeller Foundation, 
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Results of Inoctilaiion of African Virus in Monkeys Recovered from Brazilian Yellow Fever. 









•r}t 

»o 

»o 



CO 






o 

n 




1 


M 1 

CM* 1 

to 1 



to* 1 








O 



O * 

o • 

O 1 



CD ‘ 









•— t 

. 


v-4 

4*4 













o 

CM 


VO 00 

to vb 

vO CM 



•f NO 


O 

00 

VO 


Cs 



rvj 

CM 


CM CM 

CM CM 

fNj c^i 



to to 


tb 1 

CM* 1 
O * 

o’ I 





O 

O 


o o 

o o 

o o 



O CD 

O ‘ 

O * 





tM 




4-1 4-4 




V-1 4*4 


4-4 

4-H 

4-4 


to 







CM 

Cv 



On 

CN 

00 

VO 

00 




CN 

1 


1 

1 

CM 1 

CM 


to to 

CM 1 

CM 1 

1 

CM I 





O 



o ‘ 

4-4 

O ‘ 

4-4 

o • 

4-4 



o o 

2 

O • 

O ' 

4-4 

O ' 



u 

o 


fO 

lO 


irj 

O ’O’ 

4-4 --J, 

O 

o 


O Cn 

VO uo 

O CM 

00 CM 

VO VO 



p 

ci 


r*i 

o 

k-4 

CM 

o 


CM CM 

o o 

C'i CM* 

o o 

to to 
o o 

4-4 »-4 

p 

d 


3 S 

to CNJ 
o o 

tb CM 

o o 

^4 4-4 

CM CM 

o o 

4-4 4-4 

CM CM 

o o 

^ 4— f 



o 





VO 

CM 

CM 

o 


^rs* 

O Tf 

00 Cn 

Tj* O 

Tf »o 


c 


r^’ 

1 


^ 1 

1 

^ 1 

c 


S3 

to to 

CM CM 

to to 

CM CM 



"rt 


O 



o ' 

o ' 

O ' 

*5 


o o 

o o 

O CD 

o o 



U 













4-4 4- 

4-4 4-4 



<*-) 

i/i 


o 

lo 


O 00 

CM rf 

VO O 

44 

tfl 


cT^ 

On 

CM VO 

to VO 

VO 00 


c 


CM 

CM* 


CM CM 

CM CM 

^ to 

c 


S3 

CM CM 

CM CM 

to to 

CM CM 



rt 


o 

O 


o o 

o o 

o o 

ci 


o o 

o o 

CD O 

O O 



u 








u 


^4 4-1 

•4 4-4 






Tn 


O 

*— t 


^ CM 

•4-1 tJ< 

CM Oi 

'Ll 


1 NO CO 

to Tf 

to rti 

Cn O 

00 Cv 



< 



CM 


^ t2 

CM CM 




1 to to 

(M CM 

CM CM 

CM to 

CM 




a 

O 

O 


O O 

o o 

o o 



o o 

O (D 

o o 

o o 

o o 



lo 

> 







O 


* y^ 

y^ 



4-4 4*4 



CO 

ts 

to 


O CM 

O CN 

CO O 

On 


C\ 

00 

4-4 

o 

CM 


, 


CM 

CM 


to to 

cm’ 4-4 

CM to 



CM* 1 

CM* 1 

CM 1 

to 1 

to 1 




O 

o 


o o 

O o 

o o 

o 


o ' 

o » 

O ' 

o * 

O ‘ 

• 



o 

•-H 

«-4 


4-4 ^ 

4-4 4-4 


!?; 




•y^ 



B 


to 


o 



4-4 fO 

CN 1-t 

On 


t>* Tf* 

O CM 

o oo 

4-< CM 

44 Ti« 


tM 

5 

> 

CM 

CM 


CO CO 

4-4 CM* 

CM to 



cm’ to 

CM CM 

CM CM 

to to 

to to 

•D 

a 

a 



O 

o 


o o 

o o 

o o 

s 


o o 

o o 

o o 

o o 

o o 




•-( 



4-4 4-4 

4*4 4-4 

144 4*4 




v-4 4*4 



4-1 1*4 





NO 



CM 

O 

CM O 

K, 


Ov 

CN 

00 


o 

B 


s 

cd 

•XJ 

CM 

(M* 


CO* CO 

CM ^ 

to to 

e 


CM* j 

! 

CM 1 

tb 1 

tb 1 

rt 


g 


o 

o 


o o 

o o 

o o 

p 


o * 

o * 

o ^ 

O ‘ 

o * 

'O 


tin 

’S 

VI— t 

*— • 


4-4 4-1 

W-4 4-1 

4-1 4-4 





4-4 



a> 


>k 


k— ( 



ON O 

4-1 Cn 

•ji Tit 

>N 


VO 00 

o o 

"Nil CM 

to 1-1 

CM CM 

o 

O 

'oi 


CM 

CM 


CM* CO 

CM 4-1 

to to 

In 


CM CM 

CM CM 

CM CM 

CM rb 

CM rb 

o 


rs 


o 

O 


o o 

o o 

o o 

3 


o o 

o o 

o o 

o o 

o o 



o 

to 


V-4 

> 

4—1 4-4 


»-1 

O 


4-4 4-4 

4-4 4-4 

4-4 4-4 

4-4 4-4 

4-4 4*4 


c 

ja 

CM 

O 

o 

00 00 

•Tjt CM 

CM VO 

CJ 


VO NO 

to VO 

4^1 to 

O to 

44 O 


Ov 

i3 

c 

CM 

CM 

f=^ 

CO CO 

CM CM 

to ^ 

rt 


to* to* 

to to 

to to* 

rb tb 

CM* rb 




> 

O 

O 


o o 

o o 

o o 

3 


o o 

o o 

o o 

o o 

O O 

2 


o ! 

o 

vr-4 

t-H , 





u 


4-4 4-4 1 



4-4 4^ 

yH yy^ 

o 


3 

to 


^ ; 


NO ON 

lo o 

On O , 

*o 


O VO 

4*4 CM ; 

Cn cm 

Cn Cn 

^ lO 

B 

00 

w 

•k* 1 

CM* 

CM* 1 


s i 

4-1* CM* ; 

CM* to 1 

Ui 


to* to 

to’ to i 

cm’ tb 

CM* cm’ 

CM CM* 




S I 

O 

O ! 


o o , 

o o 

O 


o o 

o o 

o o 

o o 

o o 

H 


o 





4-4 4*4 

4-4 4-4 1 

4-4 4-4 

t4 



1 

4-4 4-4 1 

4-4 4-4 

4-4 4-1 




1 


"cT 

rs 

On 

o 6v 

NO CO 

3 

■44 


[ ^ CM 

C\ o 

I 'I 

O Tjl 

4-4 NO 




ta ] 

CM 

cm’ 

rt 

o 

CM* CO* 

CM* ^ 

CM* CM* 

4^ 


to* fo’ 

CM to 

! to CM 1 

tb tb 

tb CM* 



T? 

5* 

O 

o 

O O 

o o 

o o 

a 


!0 O 

O O 

:o o 1 

o o 

o o 



O 


— H 


Q 


4-4 4-4 

4-4 4-4 

> 

4-4 4-4 

4-4 4-4 

4-4 4-4 1 

1 

4-4 44 



4-> 

fi 

<«>> 

C 

&> 

43 

"vO" 

CM 

VO 

CM 

o 

4-^* CM 

O CO 

CM 4-4 

t Ov lO 

' 4-4 4-4 

1 to 

CM* 4-4* 

\ l4 

1 o 
: > 

u 

p 

o 1-1 

CO* to 

-Nil to 
to’ to* 

Cn O 
CM tb 

1 T^ 00 
CM* CM* 

O 
CM* rb 



*o 

& 

O 

o 

o o 

o o 

o o 

O O 

33 


o o 

o o 

O O 

jo o 

O O 




>— t 



4-4 4-4 

4-4 4-4 


fB 


4-4 4-4 

4-4 4-4 

, y^ 

1 4-4 4-4 


u> 

u 

u 

•T3 

<u 

u 

CM 

00 

CM 

CM O 

4-4 On 
CM 4-i 

VO 

CM* 4-4* 

O VO 
CM 4-1* 

O 

*2 


Tf< On 

CM CM 

CM lO 

to’ to 

— ( On 

to CM 

oo o 

CM* CM* 

;0 Cn 
rb CM 



t3 

o 

o 

o o 

o o 

o o 

3 


o o 

o o 

o o 

o o 

o o 




‘C 

u 

C3 




4-1 4-4 

4—1 4-4 

4-4 4-4 

. 


4-4 4-4 

■4-4 4-4 

yr^ y^ 

4-4 4-4 

y^ yy^ 




’cm’ 


O VO 

O 

CM O 

VO 00 

u 


Cn 

oo o 

Cn ^ 

to lo 

CM Til 



40 

•r^ 

W 

CM 

CM 

CO 

4-4* CM 

CM* CM 

CM 4-1 

CM 

ei 

a> 

to CM 

CM to 

cm’ tb 

CM* cm' 

tb tb 





!o 

o 

o o 

O O 

o o 

o o 

o o 

o o 

o o 

o o 

o o 





1 


4*-4 

tr-H 


■4-1 4-4 

Q 


4-4 4-4 

4-4 4-4 

y^ y^ 

4-4 4-4 



u 

O Th 

“oT 

■q 

M’ CM 

4-4 C50 

o 

00 O 

ci 

Tf Ti< 

CO 

NO CM 

O NO 

O CN 

CN O 


to 


r^* O 
o o 

▼H 

o 

CM* 

o 

CO CO 

o o 

CM* CM 

o o 


cm’ CO 
o o 

3 

u 

o 

s s 

to tb 
o o 

CM* CM* 

o o 

55 55 
o o 

tb CM 

o o 

CM* to 

O O 



3 


k— 1 


*— * k-l 

4-4 4-4 

1 



4-4 4-4 

4-4 4-4 

4-4 4-4 

4-4 4*4 

y^ yy^i 



O 

Ov vO 

CO 

"o' 

ON ^ 

VO O 

O VO 

Tjl VO 

3 

Cjv ^ 

o 

O Cv 

NO CM 

O 

oo oo 


ts 

C 

HH 

s s 

CM 

CM* 

CO CO 

CM CM* 

to to 

CM cm’ 

M 

to lO 

to to’ 

to CM 

tb tb 

tb tb 

CM CM* 



O 

o 

o o 

o o 

O O 

o o 


o o 

o o 

o o 

o o 

o o 

O O 







V— » 4—4 

4-4 4-4 

4-4 4-1 

4-4 4-4 

P 


4-4 4-4 

4-4 4-4 

4-4 4-4 

4-4 4-1 

y^ y^ 



P 

1 l>« CN 



O CO 

o o 

VO O 

O 


4-4 o 

NO CO 

CM VO 

00 'T-I 

O CM 

ON CM 



a 

I r^* csi 

1 o o 

CM* 

o 

CM 

o 

CM* CM* 

o o 

ss 

CM* CM 

o o 

CM* to 

o o 

4-> 

3 

u 

Ej 

o o 

55 55 
o o 

CM CM 
O O 

CM to 

o o 

CM* CM* 

o o 

P^* CM* 

O O 



<u 

c 

1 k-H 



r-4 '*-( 

4-4 4-4 

4-4 4-4 

4-4 4-4 

4-4 4-4 



4-4 4-4 

4-4 4-4 1 

yr^i yy^ 


'o 3 g 

vw 0.2 

.§ 

*c 

tu 

r«> 

1 

1 

to 

00 

1 

00 

1 

o 

1 to 

o 

1 ^ 

c 

•S 

00 

1 ^ 

On 00 

55 

o 

1 CM 

CM 

1 55 

00 

1 s 

VO 

1 « 


o ♦> 
p.S-2 

g- 

1 o 

»-H 

1 

o 

4-» 

2 

I o 

4-4 

i o 

4-4 

* o 

4-4 

& 

W ■ 

I o 

o o 


• o 

4-4 

1 o 




p 














■ 

Q 


1 O 








'p 






.S 

[S'n 2 


1 & 

1 *3 

1 0 



p 


p 

p 


k.1 

3 

^ 1 

P 1 

p / 

p 1 

p 

•C rt ti 


' o 

U 

c/3 


« 


p 

p 


c5 

1 

P f 

p t 

p f 

p 

2d 


1 

! o 

! 

1 

vD 

w-H 

00 

4-H 

CM 

CM 

VO 

CM 

4-4 

4-1 

to 


4-4 

o 

CM 

t- < 

VO * 

D » 

O V 

o < 

o * 

D 

>4. C 

4 

-4 

M 

-4 


986 












988 


SOUTH AMERICAN YELLOW EEVER. H 


TABLE n. 

Previous History of Motiicys Used in Intmunity Tests. 


U, rhesus 
No. 


Previous history 


Experiment I 

190 Control. Not previously used 

116 Inoculated with blood from S. R., Oct. 26, First fcvxr Nov, 2; last fever 
Nov. 6; highest temperature 104.6T. 

118 Inoculated with blood from rJicstts No. 104, Oct. 26. First fever Oct. 28; 
last fever Oct. 31; highest temperature 104.5® 

122 Inoculated with blood from r/icstts No. 100, Oct, 27, First fever Oct, 30; 
last fever Nov. 7; highest temperature 104.9® 

125 Inoculated with blood from rhesus No. 118, Oct, 28, and from rhesus Nos. 

Ill, 112, 114 and 118 on Oct. 29. First and last fever on Oct, 31; highest 
temperature 104.7® 

31 Inoculated witli blood from B, B,, Sept. 2. First and last fever on Sept. 13; 
highest temperature 104.1® 

Experiment II 

201 Control. Not prenously used 

167 Fed upon by mosquito batch No. 38, Dee. 1. First fever Dec. 4; last fever 
Dec. 6; highest temperature 105.3° 

50 Inoculated with blood from rhesus No. 64, Oct. 2. First fever Oct. 4; last 
fever Oct. 7; highest temperature 104.6°. Used as an immune control 
for injection of tissues of No. 141 in Nov., without reaction 
65 Inoculated with blood from rham No. 49, Sept. 28. First fever Oct. 4; 

last fever Oct. 5; highest temperature 104.8° 

70 Inoculated with blood from rhesus No. 64, Oct. 2. First fever Oct, 4; last 
fever Oct. 14 (2nd rise); highest temperature 104.6°. Used as immune 
control for injection of blood-liver emulsion from Nos. 51, 152 and 155 
in Nov., without reaction 

121 Fed upon by mosquito batclies Nos. 27 and 30, Oct. 27. First and last 
fever Nov. 1. Inoculated udtli blood of Nos. 146 and 129 on Nov. 13; 
temperature rose to 104.6°, Nov. 19 

114 Inoculated witli blood from rhesus No. 94, Oct. 24. First fever Oct. 28; 
last fever Oct. 31; highest temperature 105.0° 

108 Inoculated with blood from rhesus Nos. 79 and 93, Oct. 23, First and last 
fever on Oct. 30; highest temperature 104.7° 

130 Inoculated witli blood from rhesus No. 123, Nov. 1. First and last fever 

Nov. 2; highest temperature 104,8° 

131 Inoculated witli blood-liver emulsion from rhesus No. Ill, Nov. 1. First 

fever Nov, 2; last fever Nov. 6; highest temperature 105.4°. Inoculated 
witli blood-liver emulsion from No. 101 in Nov., witliout reaction 
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TABLE H — Concluded. 


if. t}csut 
Ko. 


Previous hisloty 


135 

140 

147 


Experiment H — Concluded 

Inoculated with blood from rhesus Ko, 130 on Kov. 2 and liver emulsion 
from Ko, 123 on Kov. 7. First fever Kov. 9; last fever Kov. 14; highest 
temperature 104.8® 

Inoculated with blood from rkesus Ko, 136 on Kov, S and 6, First fever 
Kov. 9; last fever Kov. 10; high^t temperature 104.8® 

Inoculated with blood from rhesus Kos. 140 and 141, Kov. 9. First and 
last fe%'er Kov. 10; highest temperature 1C44.8® 


Experiment in 


229 

38 

49 

191 


Control. Not prcNoously used 

Inoculated with liver emulsion from monliey (series of Dr. Aragao) on Sept. 
11. Fever from Sept. 19 to 22 and again from Sept. 30 to Oct. 2. Highest 
temperature 104.9® 

Fourth passage monkey of B. B. strain. Inoculated Sept, 23. First and 
only fever Sept, 28; highest temperature 104.5® 

Inoculated with blooddiver mixture from rhesus Kos, 170 and 180, also with 
immune scrum on same date. Fever on 12th and 14th days; highest 
temperature 104.2® 


Experiment I\^ 


231 

44 


79 


Control. Not prcriously used 

Inoculated with blood, liver, and spleen from rtenr Ko. 16, Oct. 5. Fever 
on Oct. 6, 8, 9 and 15; highest temperature 106.3®. Later immune to 
B. B. strain 

Fed upon by mosquitoes Oct. 8. First fever Oct. 23, last fever Oct. 28; 
highest temperature 104.2® 


in the control; another developed dysentery and was sacrificed when 
in extremis on the fifth day; six others showed a mild febrile reaction; 
fourteen had no fever. 

Two of these animals had acquired their infections directly from 
human blood. Four Brazilian strains were represented. In point of 
time elapsed since the original attack of fever, one had gone slightly 
over three months and one only six days, the others for intermediate 
periods before the immunity test. Five animals had been used as 
immune controls for B. B. %nnis between the first attack and the 
inoculation with African virus. 
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There is no obvious explanation for the susceptibility of rhesus 
No. 118, which succumbed to the African virus. This animal ap- 
parently survived a typical, but only moderately severe, attack of 
the disease contracted by blood inoculation from rhesus No. 104. 
The latter was infected by mosquito bites and was a fairly severe case; 
the serum of rhesus No. 104 (taken 15 days after recovery) protected 
normal rhesus No. 191 agfainst a large dose of B. B. virus, the control 
with non-immune serum. No. 192, being dead on the fifth day. 

The origin of the Brazilian strains mentioned in Table I has been 
considered in a preceding paper (3). The African (Asibi) strain 
reached our hands on Dec. 1, 1928, and the rh'esus (No. 175) inoculated 
on that date was found dead on Dec. 7. M. rhesus No. 185, whose 
blood was used in E.xperiment I of this series, was a subinoculation from 
No. 175 and also a fatal case. M. rhesus No. 190, third passage in our 
hands, was used for the inoculation of the animals in Experiment II. 
M. rhesus No. 209, the blood of which was used in E.xperiment 
III, was also a third passage, since it was infected from mosquitoes 
which had bitten No. 185. All fresh animals in first to fourth pas- 
sages, as well as a fifth passage animal (subinoculation from No. 201), 
died with typical yellow fever. The control in E.xperiment W, No. 
231, was the first failure encountered. Even in this instance the onset 
of fever was perfectly definite and there is no doubt in our minds that 
the animal had yellow fever. The same dosage of virus from No. 229 
killed rhesus No. 19. 

Although Theiler and Sellards (2) are inclined to discount the value 
of temperature observations, we are disposed to regard then as valu- 
able diagnostic aids when judiciously interpreted. It is perfectly 
true that one does not always detect a fever in fatal cases, even when 
temperatures are taken twice dail 3 ^ It is equally true that many 
febrile reactions are not yellow fever. However, the indications are 
so often right that we consider well spent the time needed for this work. 

CONCLUSIONS. 

These experiments indicate that, although there are quantitative 
differences in virulence and minor differences in behavior, the African 
strain and the Brazilian strains of yellow fever virus tested are im- 
munologically the same. 
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Plates 45 to 47. 

(Received ioi publication, December 5, 1928.) 

It is desirable to present the two parts of this investigation in a smgle 
paper, since they bear on each other so closely that to publish them 
separately will call for considerable repetition of statement- The 
origin of the studies which have led to the results here presented is 
to be found in the earlier papers of this series (1), and in the work of 
Townsend (2), who concerned himself especially with the insect vector 
of the disease embraced under the names of Oro 3 "a fever and verruga 
peruana. Since the observ^ations given in this paper were completed 
after the death of Dr. Noguchi, who planned the experiments, we wish 
to state briefly the circumstances surroimding the investigation. 

The earlier papers of the series established Barlondla lacilUjorrrAs as the 
bacterial incitant of Oroya fever (Carrion’s disease) and verruga peruana. The 
ctiolog)’ and much of the patholog>' of these manifestations of a sin^Je infectious 
disease \N’erc made dear by the experimental studies (Xoguchi) carried out between 
1925 and 1928. The essential fact which remained to be determined was the 
precise mode of infection dn the two maladies for which the histor>’ and dinical 
observation had indicated an insect vector. ToTvnsend’s studies of the dis- 
tribution of the disease and the nocturnal nature of its origin had led him to the 
dedsion that the vector belonged to the dass of pblebotomi. Indeed, he had gone 
5X) far as to designate the vector as PhUholomtts wrucarum. 

The coopcr.ation of the Intcmationai Health DKrision of the Rockefeller 
Toundalion was secured in the held investigation of insects in the verruga zones in 
Peru. Various insect spcdcs were collected by one of us (Shannon), identified 
p far as possible on the grounds, the identifications being completed afterwards 
in the United Slates, and sent by ship to Xcw York, where they were tested for 
infeclivity on monkeys according to Dr. Noguchi’s plans (Tildcn Tyler). The 
procedure employed in this testing was as follows: 
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The insects were collected without the use of chemicals and sealed ahVe in sterile 
tubes, which were either or contained a piece of absorbent cotton moistened 
with sterile citrate solution (about half of each shipment was sent diy, the other 
half in moist condition). Collections were made near the time of sailing of the 
fast boats to New York, and shipments were placed in the steamer’s refrigerator 
during transit. 

The method of determining the presence of Bartonella hactlUformism the insects 
was to inject a saline suspension of the crushed bodies intradcrmally, sometimes 
also intravenously, into monkeys {Macacus rhesus) and to make cultures of the 
blood at intervals of from one to four weeks later, irrespective of the occurrence of 
local lesions or fever. A given lot of insects was crushed in 0.9 per cent sodium 
chloride and injected intradcrmally into one or two sites on the shaved abdominal 
skin of two monkeys at least. Because of the differences in susceptibility of 
individual monke3'S, duplicate tests were nccessaiy. 

The culture technique was the same as that used in earlier work on Carrion’s 
disease (3). The blood was withdraum from the monkey into an equal part of 2 
per cent citrate in 0,9 per cent sodium chloride, and ascending dilutions in saline 
(1:10, 1:100, 1:1,000, 1:10,000, and 1:100,000) were inoculated into the semisolid 
leptospira medium (4) in amounts of 0.2 cc. One tube of the medium was in- 
oculated with a drop of the undiluted citrated blood. The cultures were kept at 
30°C. By the end of a two to three week period the positive cultures can usually 
be picked out by their macroscopic appearance, but even microscopic examination 
may fail to reveal a positive culture, and subculture is often desirable (5). The 
growth may be so slight in the initial culture as to be easil}'' mistaken for the haze 
which develops in a tube of sterile medium after standing at 30®C. 

Although Bartonella bacilliforjnis was detected only in the phlebotomi, it is 
desirable to state that other insects collected (Shannon) in the verruga zone were 
inoculated into rhesus monkeys in the manner of the phlebotomi and the blood 
cultures carried out in the same way as for the latter. In no instance was Bar- 
tonella bacilliformis isolated in these cultures. A list of the insects witli which no 
results were obtained follows: 

Ticks. — Ornithodorus megnini (on burros), Argas sp.? (on burros, birds, bats), 
Tick larvae (genus and species?) on lizard. 

Mites. — Tarsotomjts sp. (on ground), Trombldmin n.sp. (on ground), Gcckobia 
sp. (on lizard), Geckobiclla sp. (on lizard and geckos). 

Lice. — Trichodcctes ovis (on sheep). 

Fleas. — Fulex irritans (on man), Cienocephalus canis (on cat, dog, and man), 
Rhopalopsyllus (on dog and guinea pig). 

Bedbugs. — Cimex Icctularius. 

Mosquitoes. — Anopheles pseudopunctipennis, Culcx quinqnefasciatus (faiigans)* 

Buffalo gnats. — SimuUuni escomeli^ Simulimn sp. (on burros). 

Midges. — Forcipoviyia utae^ Forcipomyia iownsendia. 

Miiscidx. — Siomoxys calciirans. 

Hippohosetdae. — Melophagus ovintts (on sheep). 
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SlrehIidae.—3 genera, one species each (on \'ampire bats). 

Note should be made of the fact that Townsend (2) regarded the lizard as the 
natural reservoir of the indtant of verruga peruana, for the reason that he detected 
intracorpuscular bodies in the blood cells, which he identified with Barton’s rods. 
Hence the red mites {Tromhidiim, Tarsotomus, Geckobia, Geckobidla), some of 
which were obtained from geckos {Phyllodaclylus rcisii), as well as the blood of two 
geckos, were injected into monke>-3. Cultures prepared from the blood of these 
monkeys remained sterile. 

Phleboioyni of Vemtgas Canon. 

One of us (Shannon) spent from Llatch to July, 1928, in the Kimac 
verruga zone, Peru. As many varieties of insects as possible were 
collected (6) from this zone and sent to The Rockefeller Institute in 
New York to be tested upon monkeys. It is desirable to state that 
Townsend was the first to implicate phlebotomus with the transmission 
of verruga peruana. His studies, conducted between 1912 and 1914, 
led him to decide, on ecological and experimental grounds, that a 
species of gnat, later called Phkbolomus verritcarum Townsend, was 
the vector of the disease. 

Our studies revealed three species of Phkbofomiis in the verruga 
zone. Two of the spedes had a wide and the third a limited distribu- 
tion only in the zone. It is significant that of the three, only the two 
which occurred in considerable numbers were found on inoculation 
to yneld Bartonella bacilliformis. 

In this paper brief descriptions only will be given of the three spedes, 
based upon the characters of the males. All three spedes belong to the 
subgenus Britmptomyia (Franga and Parrot), which may be described 
as follows: 

Basiil segment of the upper appendage of the male terminalia with a well defined 
sub-basal tuft of hairs on the inner surface; the distal appendage either with four 
well developed spines, the fifth one weak, or with five strong spines; median ap- 
pendage simple, without spines, lower appendage unarmed. The abdominal hairs 
arc subcrccl to erect; length of the upper branch of upper forked vem longer than 
the petiole preceding the fork. 

Ph. and P/j, pertunsis are described here for the fint time (Shannon). 

Key io the Kales, 

1. Distal Kgmcnl of upper appendage with four wcU developed spines the 
fifth (an apical one) being vcr>- slender and hair-like; petiole of upper forked 
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The insects were collected without the use of chemicals and sealed alive in sterile 
tubes, which were either dr}’’, or contained a piece of absorbent cotton moistened 
with sterile citrate solution (about half of each shipment was sent dry, the other 
half in moist condition). Collections were made near the time of sailing of the 
fast boats to New York, and shipments were placed in the steamer's refrigerator 
during transit. 

The method of determining the presence of Bartonella bacilliformisin the insects 
was to inject a saline suspension of the cnished bodies intradermally, sometimes 
also intravenousl}'', into monke 3 ’’s {Macacus rhesus) and to make cultures of the 
blood at intervals of from one to four weeks later, irrespective of the occurrence of 
local lesions or fever. A given lot of insects was crushed in 0.9 per cent sodium 
chloride and injected intradermally into one or two sites on the shaved abdominal 
skin of two monkeys at least. Because of the differences in susceptibility of 
individual monkeys, duplicate tests were necessary". 

The culture technique was the same as that used in earlier work on Carrion's 
disease (3), The blood was withdrawn from the monkey into an equal part of 2 
per cent citrate in 0.9 per cent sodium chloride, and ascending dilutions in saline 
(1:10, 1 ;100, 1 : 1,000, 1 : 10,000, and 1 : 100,000) were inoculated into the semisolid 
leptospira medium (4) in amounts of 0.2 cc. One tube of the medium was in- 
oculated with a drop of the undiluted citrated blood. The cultures were kept at 
30°C. By the end of a two to three week period the positive cultures can usually 
be picked out by their macroscopic appearance, but even microscopic examination 
may fail to reveal a positive culture, and subculture is often desirable (5). The 
growth may be so slight in the initial culture as to be easily mistaken for the haze 
which develops in a tube of sterile medium after standing at 30°C. 

Although Bartonella haciUifor 7 nis was detected only in the phlebotomi, it is 
desirable to state that other insects collected (Shannon) in the verruga zone were 
inoculated into rhesus monkeys in the manner of the phlebotomi and the blood 
cultures carried out in the same way as for the latter. In no instance was Bar- 
tonella bacilliformis isolated in tliese cultures. A list of the insects witli which no 
results were obtained follows; 

Ticks. — Orjiithodorus megnini (on burros), Argas sp.? (on burros, birds, bats), 
Tick larvae (genus and species?) on lizard. 

Mites, — Tarsoto 7 nus sp. (on ground), Tro7nhidiu77t n.sp. (on ground), Gcckohia 
sp. (on lizard), Geckobiella sp. (on lizard and geckos). 

Lice, — Trichodcctes ovls (on sheep). 

Fleas, — Pulcx irritans (on man), Ctcnocephalus canis (on cat, dog, and man), 
Rhopalopsyllus (on dog and guinea pig). 

Bedbugs, — Ci77icx leciuJarlus, 

Mosquitoes, — Anopheles pscudopinictipoinisy Culcx quinqucfascialus (faiigans), 

Bnfalo gnats, — Simulunn csco7neli, Simuliinn sp. (on burros). 

M idges, — F orex poxxiyi a uiaCj Forcipoxxiyi a towxiscxid ia, 

Muscidx, — Stoxnoxys calci trans, 

Eippohoscidac, — Mclophagns ovixius (on sheep). 
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SirelUdaer-3 genera, one species eacli (on vampire bats) . 

Note should be made of the fact that Townsend (2) regarded the lizard as the 
natural reservoir of the indtant of verruga peruana, for the reason that he detected 
intracorpuscular bodies in the blood cells, which he identified with Barton’s rods. 
Hence red nutes {Trombtditm, Tarsotomus, Geckohia, GeckcbieJla), some of 
which were obtained from geckos {PhyllodccCyUis reisii), as well as the blood of two 
geckos, were injected into monkej'S, Cultures prepared from the blood of these 
monkeys remained sterile. 

Phkbotomi of Verrugas Caiioiu 

One of us (Shannon) spent from March to July, 1928, in the Himac 
verruga zone, Peru. As many varieties of insects as possible were 
collected (6) from this zone and sent to The Rockefeller Institute in 
New York to be tested upon monkeys. It is desirable to state that 
Townsend was the first to implicate phlebotomus with the transmission 
of verruga peruana. His studies, conducted between 1912 and 1914, 
led him to dedde, on ecological and experimental grounds, that a 
species of gnat, later called Phlebotomies verrucariim Townsend, was 
the vector of the disease. 

Our studies revealed three species of Phlebotomies in the verruga 
zone. Two of the species had a wide and the third a limited distribu- 
tion only in the zone. It is significant that of the three, only the two 
which occurred in considerable numbers were foxmd on inoculation 
to yield Bariojiella bacilliformis. 

In this paper brief descriptions only will be given of the three species, 
based upon the characters of the males. All three species belong to the 
subgenus Brumptomyia (Franca and Parrot), which may be described 
as follows: 

Basal segment of the upper appendage of the male terminalia with a well defined 
sub-basal tuft of hairs on the inner surface; the distal appendage either with four 
well developed spines, the fifth one weak, or with five strong spines; median ap- 
pendage simple, without spines, lower appendage unarmed. The abdominal hairs 
arc subcrcct to erect; length of the upper branch of upper forked vein longer than 
the petiole preceding the fork. 

Pit. twgudiii^ndPh. fCTUcnsis are described here for the first time (Shannon). 

Key to the Males, 

1. Distal segment of upper appendage ^s-ith four well developed spines the 
fifth (an apical one) being vcr>- slender and hair-like; petiole of upper forked 



996 


ETIOLOGY OF OROYA FEVER. XIV 


cell slightly longer tlian that section of the first longitudinal vein which 

overlaps the upper branch of the second vein Ph. vcrrucarum Townsend. 

2, Distal segment witli five well developed spines, both apical ones being equally 
strong. 

(fl) Distal segment with two submedian spines, a third located slightly distal 
of the middle of the segment, the fourth and fifth forming an apical 
pair; petiole of tlie upper forked cell much longer than that section of 
the first vein which overlaps the upper branch of tlie second vein. (T 3 q)e 
locality, Verrugas Canon, Department of Lima, Peru) 

Ph. iioguchii Shannon. 

(6) Distal segment with two submedian spines, a subapical one and an apical 
pair; that section of the first vein overlapping the upper branch of the 
second is distinctly longer than the length of tlie petiole of tlie upper 
forked cell. (Type locality, Alatucana, Department of Lima, Peru) 

Ph, peruensis Shannon. 

The females of Phlcbotoinus pcrucjisis can be separated from those of vcrrucannn 
and noguchii by differences in tlie arrangement of the wing veins, but definite 
characters have not yet been found wherebj^ the females of vcrrucarum and 7ioguchii 
may be positively identified. Approximate identification of the females which 
were sent to New Y'ork for bacteriological study was made on the basis of (1) 
average differences in size, vcrrucarum being in general smaller tlian noguchii^ 
and (2) habitat. All males found in houses proved to be vcrrucarum, hence all 
females found in-doors were assumed to belong to this species. All the noguchii 
males were found out-of-doors, in excavations and natural cavities, where the}’' 
W’ere three times as numerous as vcrrucarum males. 

Before leaving this description, it may be well to bring togetlier 
certain accepted facts with reference to the epidemiology of Carrion^s 
disease and certain known habits of the phlebotomi. It is admitted 
that the disease is contracted only in certain limited areas in Peru, and 
that infection, with possibly rare exceptions, takes place only at night. 
This infection may be acquired indoors or in localities remote from 
human habitations and at any time of the year. 

With these facts in mind, it would seem to follow that the insect 
vector must be (a) common blood sucker of man; (b) restricted to the 
verruga zone; (c) nocturnal in habit; (d) capable of breeding in varied 
localities, so that adults, whicli have restricted flight, may be oxery- 
where present, and (e) active throughout the year. 

All these conditions are fulfilled by phlebotomi and not, as far as 
determined, by other insects of the verruga zones. 

Finally, it may be recorded that we (Shannon and assistant) safely 
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spent from 2 to 5 nights a iveek for 4 months in the verruga zone 
after taking adequate precaution to protect ourselves from bites of 
phlebotoxni. 

Experiments with Phlebotomi, 

Eighteen spedal lots of phlebotomi, prepared and shipped as 
described, were inoculated into monkqrs (Tilden and Tyler), The 
material in each instance was introduced intradermally at several sites 
on the shaved skin of the abdomen, and was also applied to a scarified 
area of the abdominal skin. Occasionally an intravenous injection 
was also made. 

Lots 1, 2, 9, and 14 were pooled, ground in a mortar with 0.9 per cent saline 
solution, and injected, Apr. 25, 1928, into two monkeys {Macaciis rhesus 1-3 and 
1-4). 

Lot 1, collected jMar. 9, 1928, out-of-doors in Matucana. 3 females and 4 males 
of Ph. noguchii, Ph. Temiccrum, and Ph. peniensis. 

Lot 2, collected IMar. 9, 1928, out-of-doors in Matucana. 2 females, 18 males, 
Phlebotomus, chiefly noguchii. 

Lot 9, P//. verrucarum collected Mar. 20, 1928, in house in Verrugas Canon. 
40 females. 

Lot 14, P/r. vcrrucarutnj collected Mar. 26, 1928, in Verrugas Canon. 24 
females. 

Lot 20 . P/;, noguchii^ with possibly a few verrucarum intermixed, collected Apr. 
9, 1928, consisted of about 20 females. A saline suspension of the crushed insects 
was injected May 31, 1928, into two monkej's (il/. rhesus 1-7 and 1-8). 1-8 also 
received 1 cc. of the suspension intravenously* 

Lots 27 and 28. P/;. noguchii, with possibly a few verrucarum intermixed, col- 
lected May 1 and May 8, 1928. 10 to 12 females. A saline suspension of the 
crushed insects was injected June 13, 1928, into two monkeys, M. rhesus 1-17 
and 1-5. 

Lots 29, 30, and 38. Ph. verrucarum^ collected May 1 and May 8, 1928, 15 to 
20 females. Saline suspension injected June 13, 1928, into M. rhesus 1-16 and 
. rhesus 1-6. 

Lots 40, 41, and 44. P/j. verrucarum, collected June 9, 11, and 18, 1928, both 
in houses and out-of-doors, in Verrugas Canon. These lots comprised about 100 
females. Saline suspension injected July 14, 1928, into df. rhesus 1-26 and 1-27. 
All the specimens which came in moist condition were covered v^dth green mold. 

Lots 39 and 45. Ph, uoguchii, collected June 6 and June 19, 1928, out-of-doors 
in Verrugas Cafion. The number of insects was small (about 25 females), and the 
specimens which came in moist condition were covered udth green mold! Saline 
suspension inoculated July 14, 192S, into dr.rtoiwI-2S and 1-29. 
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Lots 42 and 46. P//. pcrucnsisy collected June 12 and 19, 1928, out-of-doors in 
Matucana. The specimens which came in moist condition were covered with 
green mold. 8 females. Saline suspension inoculated July 14, 1928, into M, 
rhesus 1-30 and 1-31. 

Lot 43. Ph, uoguchiiy with possibly a few vcrrucannn intermixed, collected 
June 12, 1928, out-of-doors in Afatucana. Saline suspension inoculated Aug. 13, 
1928, into two monkeys, 1-33 and 1-34. 

Lot 51. Ph, vcrrucanm, collected during the last week in July, 1928. 6 
females. Saline suspension inoailated Aug. 13, 1928, into rhesus 1-37. 

Lot 54, Ph, noguchii^ with possibl}’' a few verrucannn intermixed, 8 to 10 
females, collected during the last week in July out-of-doors in Verrugas Canon. 
Saline suspension inoculated Aug. 14, 1928, into M, rhesus 1-38 and 1-39. 

The first material inoculated, which contained all three species of 
Phlebotomus (Lots 1, 2, 9, and 14) yielded positive results. 

Stram J, from Lots J, P, and 14. 

M, rhesus 1-3 and 1-4, inoculated intradermally Apr. 25, 1928. No local lesions 
developed at the sites of inoculation. M, rhesus 1-3 had a temperature of 104°F. 
on May 14, 19 days after inoculation, and blood was withdrawn on that da\% 
Bartonella hacillijonms was obtained in culture from 1:10, 1:100, and 1:1,000 
dilutions of the blood. The temperature reached 104°F. again several times, but 
blood culture was negative on jNfay 29 and June 30. Blood was taken from M. 
rhesus 1-4 at the same time as from 1-3, but cultures remained negative. 

Inoculation of Cultures from M. rhesus 1-3, — M, rhesus 1-14 and M, rhesus 1-15 
(Fig. 1) were inoculated June 5, 1928, wuth the 20 da}'’ culture of Bartonella bacilli- 
formis obtained from the blood of M, rhesus 1-3 and a 5-da}'’ subculture. The 
culture, w'hich was, as usual, diluted witli an equal part of saline for inoculation, 
was also applied to a scarified area on the abdominal skin. Tiny nodules were 
observed in M, rhesus 15 at the sites of intradermal inoculation on June 11 (16 
days after inoculation), and 5 days later they were well developed, and one was 
excised^ for examination and transfer. Bartonella hacilliformis was obtained 
from a 1 : 1 ,000 dilution of blood withdrawn June 16, and from a 1 : 100,000 dilution 
of the nodule suspension. By June 22 the scarified area showed small nodules. 
The photograph was taken 3 days later (Fig. 1). By June 28 the lesions had 
disappeared. M, rhcsiis 1-14 had almost continuous high fever (104° to 106°F.) 
from June 8 to 28 and again from July 16 to 23, but no local lesions developed, 
and blood culture was negative 13, 31, and 55 days after inoculation. 

The strain of Bartonella hacilliformis obtained from these first lots of 
phlebotomi was carried through two animal passages by direct transfer 
and has since been maintained by alternate generations in culture and 

^ All operations were carried out under ether anesthesia. 
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monkey- The usual course of verruga of moderate severity (7) has 
been observed in the animals (Fig. 8), with the exception of one 
monkey of the first passage (K. rhesus I-l), which had an unusually 
severe cutaneous reaction (Figs. 6, 7) , not unlike that which had been 
induced in one of the monkeys {M, rhesus 18) of an early experiment 
(Noguchi (8) ) . This animal was acutely ill over a period of two weeks 
but recovered. 

Histological study of the nodular tissue from I-IS and I-l, made by 
Dr. Henry R. Muller, shows the characteristic proliferation of endo- 
thelial cells and the formation of new capillaries. Bartonella bacilli- 
formis was detected in some instances within the endothelial cells. 

The second lot of phlebotomi tested, which probably consisted 
chiefly of Ph. noguchii but may have contained a few verrucartwi^ 
also yielded a strain of Bartonella bacilliformis. 

Strain 2 from Lot 20, 

M, rhesus 1-7 and 1-8 were inoculated May 31, 1928, intradermally, and 1-8 
received 1 cc. of the suspension in the left saphenous vein. The animals were bled 
on June 1 1 and again on June 30. The blood of 1-8 yielded cultures of Bartonella 
bacilliformis in 1: 100,000 dilution on June 11 and in 1:100 dilution on June 30; no 
cultures were obtained from the blood of 1-7. Neither animal developed lesions 
at the sites of inoculation, but 1-8 had almost continuous fever (104® to 105.2®F.) 
from June 4 to June 28. 

hwcnlaiion oj Culture from rhesus — 31*. rhesus 1-22 and 1-23 were in- 

oculated on June 22, 1928, intradennaily, with a 10-day-old culture from the blood 
of 3 r. rhesus 1-8. The culture was also applied to a scarified area on the abdomen. 
The nodules showed at the sites of intradermal inoculation after about 10 days, 
and blood ^vithd^awn after 2 weeks pelded cultures of Bartonella hacUliJormism 
1:10,000 dilution. The nodule excised^ on July 6 for examination and transfer 
\dcldcd cultures in a 1:100 dilution. The lesions were considerably larger and 
more extensive in 1-23 (Fig. 3), and the edema of the abdominal wail developed 
early and became marked. Regression of the lesions began about four weeks 
after inoculation and udthin four weeks recoveo' was practically complete. The 
course of disease was almost afebrile in both animals. 

Further inoculations, first vrith nodular tissue from 1-22 and 1-23, 
and later with cultures from the blood ol passage animals, showed that 
this sUain of BarloncUa badlUfonris, like Strain 1, was moderately 
virulent, inducing pronounced local lesions and moderate anemia. 
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One animal of the series died in 33 days, after an afebrile course of 
disease, during whicli moderately severe anemia had been observed. 

Lots 27 and 28 (chiefly PJi. nosKcJiii) and Lots 29, 30, and 38 {Pit. 
verruca nm) yielded negative results, as did also Lots 40, 41, 44, and 
51 (PJi. vcrrucarim), Lots 42 and 46 {Ph. periicnsis)^ and Lot 43 {Ph. 
noguchii). 

From Lots 39 and 45, wliich probably consisted of Ph. noguchii 
alone, a third strain of BarloucUa bacitliformis was obtained. 

Stram 3^ front Lots 39 and 45. 

M. rhesus 1-28 and 1-29 were inoculated intradcrmal’y on July 14, 1928. Jlonkey 
1-28 showed no fever at any time, and b’ood cultures were negative 1, 2, and 3 
weeks after inoculation. Monkey 1-29 had fever (104.2® to 105.2°F.) 3 days after 
inoculation, which continued for a week with one day of remission. The blood 
yielded cultures of Bariojiclla bacilliformis in a dilution of 1 : 100 on four occasions, 
7, 13, 23, and 31 days after inoculation, but there was no reaction at tlie sites of 
injection. 

Inoculation of Cultures frotn 1-29. — ^ilf. rhesus 1-44 was inoculated intradermally 
and by scarification on Aug. 16, 1928, with a culture 14 days old from the blood of 
M. rhesus 1-29. 1 cc. of the culture was also injected into the saphenous vein. 

Nodules developed in 2 weeks (Figs. 5 and 9), and the scarified area presented the 
characteristic miliary eruption. The blood was positive in a dilution of 1 : 10,000 
at this time. From Sept. 7 to 19 there was marked fever (104® to 105.2®F.). 

M. rhesus 1-45 was inoculated at the same time and in the same manner as 
1-44. The intradermal nodules attained a diameter of only 0.5 cm., and the blood 
was positive in a dilution of 1 :100. Fever existed (104.2° to 105.4°F.) from Sept. 
10 to 13, was followed by two days of subnormal temperature, and death of animal 
on Sept. 16. Autopsy (Dr. Muller) revealed nothing abnormal except in the 
spleen, which contained numerous pale areas 2 to 3 mm. in diameter. Film 
preparations were negative for tubercle bacilli, and , microscopic examination 
disclosed infarcts such as are found in the sp'een in human (9) cases of Oroya 
fever, and in cases of the experimental disease (10). 

Later passage of Strain 3 produced local lesions of very large size 
(2 to 3 cm. in diameter), but no imusual systemic effects. 

Lot 54, wliich consisted chiefly, perhaps wholty, of Ph. noguchii^ 
also yielded Bartonella hacilliformis. 

Strain 4, from Lot 54. 

M. rhesus 1-38 was injected intradermally on Aug. 14, 1928, and intravenously 
(1 cc. of the saline suspension into the left saphenous vein). From Aug 22 to 
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Aug. 29 the temperature was 104®F., but blood culture made Aug. 28 was negative. 
It was also negative on Sept. 10, but blood taken on Sept. 25, when the tem- 
perature was 104.2°F. yielded Bartondla bactUiformis in 1 : 10 and 1:100 dilutions 
after 13 days incubation. The intradennai mixtures produced no lesions. M, 
rhesus 1-39, inoculated at the same time as 1-38, and with the same material, 
showed a rise of temperature (104.2® to 104.8°F.) on three occasions, but blood 
cultures made on Aug. 28, Sept. 10, and Sept. 25 were negative. 

Inoculation of Cultures from 1-38.— rhesus 1-58 was inoculated on Oct. 10, 
1928, with 15-day culture from the blood of 3/. rhesus 1-38. Small nodules 
appeared at the sites of intradermal injection after 7 days and were well advanced 
^ter 16 days (Fig. 5) . The abdominal wall became oedematous and the area of 
scarification showed miliary nodules in addition to which three or four small 
eruptions arose outside the inoculated areas. Blood culture was positive in 
dilutions up to 1 ; 10,000, 12 days after inoculation. The animal died on the 18th 
day, when the local lesions w’ere still actively progressing. Histological examina- 
tion of tissues by Dr. Muller revealed the characteristic zonal necrosis around the 
central vein in the liver, with extensive invasion by polymorphonuclear leucocytes. 
The spleen show'ed no lesions. The various skin nodules were histologically 
characteristic of verruga in the monkey. 

Further inoculations with cultures of Strain 4 yielded similar results. 
In one animal (3/. rhesus S-7) the local lesions reached large size. 
The results of the inoculations are summarized in Tables I to V, 

Exposure of Mo7tkeys fo Biles of PMeholouii, 

Six rhesus monkeys were exposed (Shannon) for several weeks to 
natural infection, three in an excavation in Verrugas Canon, where 
Ph. nognchii was fairly common, and three in a house where Ph. 
vcrrucarum was abuiidant. These animals were brought to The 
Rockefeller Institute on Aug. 13. Blood withdrawn on three occasions 
failed to ydeld cultures of Bartonella bacilliforjnis, and only one of the 
animals failed to respond to subsequent inoculation of virulent cultures 
or passage virus. The result therefore was regarded as negative. 

Immunily. 

Se\cn of the monkeys which had developed verrucous lesions and 
blood infection with BarioncUa bacilUforviis foUorving inoculation with 
the Phlcbotomus strains and in which the lesions had regressed, were 
subsequently tested for immunity by rcinoculation. Similar im- 
munity tests were made on three monkeys which had received crushed 
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TABLE I. 


hioculations of Crushed Phlcholomi. 


Xf. rhesw 
No. 

Pate 

1928 

Lot No. 

Method of inoculatioa 

Local 

lesions 

Blood 

culture 

1-3 

Apr. 25 ; 

1 

1 

1, 2, 9, 14 
vcrriicariim 
iioguchii 
pcruciisis 

^lultiple intradennal 
Scarification 


+ 

1-4 

Same 

Same 

Same 

— 

— 

1-7 

May 31 

20 

iioguchli (few ver- 
rucarum?) 

Multiple intradermal 
Scarification 



1-8 

Same 

Same 

Same, also intravenous 

— 

+ 

1-16 

June 13 

29, 30, 38 
vcrntcarum 

IMultiple intradermal 
Scarification 



1-6 

Same 

Same 

Same 

— 

— 

1-17 

Same 

27, 28 

noguchll (few ver- 
rncartml) 

Same 

1 

» 


1-5 

Same 

Same 

Same 

\ 

— 

1-26 

July 14 

40, 41, 44 
vcrrncarum 

Same 

— 


1-27 

Same 

Same 

Same 

1 


I-2S 

Same 

39, 45 
nognchli 

Same 


1 

1-29 

Same 

Same 

Same 

— 

+ 

1-30 

Same 

42, 46 
peruciisis 

Same 



1-31 

Same 

Same 

Same 

— 


1-33 

Aug. 13 

43 

noguchll (few ver- 
rucarum?) 

Same 



1-34 

Same 

Same 

Same 

— 


1-37 

Same 

1 51 

ver rucarum 

Same 



1-38 

Same 

54 

noguchii (few rcr- 
rucarum?) 

Same, also intravenous 


+ 

1-39 ! 

Same 

Same 

Same 
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TABLE H. 

Strain IJrom Lots 1, 2, 9, (P/;. verrucarum, Fh, noguchii, Ph. perusnsls). 


if. rhuus 
Ko. 

Xbtc 

1928 

ilatcrial inoculated 

Mode of inoculation 

Local lesions 

Blood 

coltxire 



Culture irom 1*3 

1 Inlradermai 

— 

1 

■m 

■HjHHl 


1 Scarification 


i 



Same 

1 Same 

+ -i-T- 

1 

Hrst passage 

148 

June 16 

j Nodule 5usp. 145 

Same 

4- 1 

-r 

149 

Same 

Same 

Same 

-rd-'f'f 

JL 

14 

Same 1 

Same 

Same 

44-4-4- 

4- 

Second passage 

142 

July 6 

Nodule susp. 14 

Same 

IK&&S3 

4- 

143 

Same 

Same 

Same 

BSBI 

4- 

Third passage (via culture) 

140 

Aug, 16 

14-day culture 142 

Same, also intra- 

++++ 

4- 




venous 



141 

Same 

Same 

Same 

4-4-4-4 

4- 


TABLE in. 

Strain Z frotn Lot ZO (P/;. noguchii—Jeiv verntcarum?) . 


if, rhezui 
No. 

Bate 

1928 

Material inoculated 

Mode ot inoculation 

Local lesions 

Blood 

culture 

1 

142 

j June 22 | 

10-day culture from 

Intradennal 

jgggi 

B 



1-8 

Scarification 

ngn 

■■ 

1-23 ! 

1 Same 

, Same 

Same 



First passage 

1-24 

July 6 

Nodule susp. 1-23 


4-0.0. 4. 

-a. 

1-25 

Same 

Same 



4- 


Second passage (via culture) 


142 

Aug. 16 j 

: 14-day culture from 
1-24 

! Same, also intrave- 
nous 

+4-4-4- 

-L 

143 

Same 

Same : 

[ Same 

++++ 

4- 
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TABLE IV. 

Strain 3 from Lots 39 and 45 {Ph, nogiichii). 


. rhcstts 
No. 

Bate ' 

1928 

1 

IMatenal inoculated 

Mode of inoculation 

Local lesions 

Blood 

culture 

1-44 

Aug. 16 

14-day culture from 

Intradermal 

++++ 

4" 



1-29 

Scarification 






Intravenous 



1-45 

Same 

Same 

1 

Same 

++++ 

+ 


First passage 


I-SS 

Sept. 13 

Nodule susp. 1-44 


+++ 

1 

+ 

I-S6 

Same 

Same I 

Same 

++ 

— 

1-34 

Oct. 22 

20-day culture from 
I-4S 

Same 

+++ 

! 

+ 



1 1 

Second passage i 

(via culture) 



S-6 

j Dec. 15 

1 25-day culture from 

1 1-34 

j Same 

j ++++ j 

1 -h 

1 

1 


TABLE V, 

Strain 4 from Lot 54 (P/;. nogudiii—fciv vcrnicariim?). 


Af . rhesus 
No. 

Date 

1928 

Tvlaterial inoculated 

1 

Mode of inoculation 

Local lesions 

Blood 

culture 

1-58 

Oct. 10 

1 

15-day culture from | 
1-38 

Intradermal 

Scarification 

+++ 

-f- 

First passage (via culture) 

1-17 

Nov. 5 

14-day culture from 
1-58 

Same 

1 ++++ 

! 


Second passage (via culture) 

S-7 

Dec. 15 

1 18-day culture from 

Same 

+ + + + 

4- 


1-17 
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♦ Noguchi, H., J. Exp, Med., 1927, xlv, 175. 


pWebotomi without developing skin lesions which reacted as do pre 
viously untreated animals. Table VI summarizes the results. 
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Morphology. 

No morphological or cultural differences could be detected between 
the Phlebotomus strains and the human strains of Bartonella bacilli- 
fonnis. Cultures seven days old of the four strains, grown on horse 
blood agar slants, were stained to bring out the unipolar flagella (one 
to four) which are characteristic of Bartonella hacilliformis (Figs. 11, 
13, 15, 17), the films being made on the same slide, in order that the 
stained preparations might be comparable. Cultures of the same age 
but grown on leptospira medium were used for similar comparative 
preparations which were stained by Gram’s method, with fuchsin as 
the counterstain (Figs. 10, 12, 14, 16). 

SUMMARY AND CONCLUSIONS. 

With a view to determining the mode of infection in Carrion’s 
disease, a study of the blood-sucking insects found in the districts of 
Peru where the disease prevails has been carried out, through the co- 
operation of The Rockefeller Institute and the Rockefeller Founda- 
tion. The material studied included ticks, mites, midges, lice, fleas, 
bedbugs, mosquitoes, buffalo gnats, horse-flies, “sheep ticks,” 3 
species of Streblidae, and 3 species of Phlebotomus, including Phlcbo- 
tonms verrucarnm Townsend and two new species which have been 
named Phlebotomus noguchii and Phlebotomus peruensis. The insects 
were collected without the use of chemicals, were prepared for trans- 
portation in such a manner as to prevent drying, and were shipped 
under conditions of refrigeration to New York, where they w^ere 
inoculated into monkeys. The plan followed was to inject saline 
suspensions of the crushed insects intradermally into rhesus monkeys 
and to make cultures of the blood of the animals at intervals of 1 to 6 
weeks after inoculation. 

The only class of insects in which the presence of Bartonella hacilli- 
formis could be detected were phlebotomi. No cutaneous lesions were 
induced in monkeys injected with the crushed insects, but in the case 
of four different lots of phlebotomi the blood of the animals so injected 
yielded cultures of Bartonella hacilliformis which produced typical 
verrucous lesions on inoculation into other monkeys. 

The morphology and cultural characteristics of the Bartonella strains 
obtained from phlebotomi proved identical with those of strains 
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isolated from Inman blood and skin lesions. Monkeys which had 
recovered {tom infection with the phlebotomus strains resisted in- 
oculation "With a human strain of ^UTtoHcIld hdcilliJoTiiizs^ and, con- 
versely, monkeys which had passed through an infection induced by 
the human strain resisted inoculation with the strains obtained from 
phlebotomi. 

The experimental observations described in this paper lead us to 
conclude that certain phlebotomi act as insect vectors of Oroya fever 
and verruga peruana. The phlebotomi which have been shown quite 
certainly to carry the Barloiielh baciUiformis are those of the species 
Phlehotomiis iwgnchiL PhJeboiovius verriicarian is also probably a 
vector, while PhUhotomus pemeitsis remains doubtful in this respect. 
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EXPLANATION OF PLATES. 

Plate 45. 

Fig. 1. Cutaneous lesions induced in M. rhesus 1-15 by Phlebotomus Strain 1. 

Photograph taken 20 days after inoculation. One intradermal nodule had been 

excised 2 days previously. 

Fig. 2. The appearance of the lesions in .if. rhesus I-l, a Strain I first passage 

animal, 18 days after inoculation. The sacrified area already shon-s characterisUc 

minute nodules. All the lesions reached considerable size (Figs. 6 and 7). 
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Fig. 3. Strain 2. Early culture lesions (two weeks after inoculation) in Af. 
rhesus F23. 

Fig. 4. M, rhesus I«44, 21 days after inoculation ^Yith cultures of Strain 3 from 
Lots 39 and 45 of Ph. iioguchii. 

Fig. S. Af. rhesus 1-58, 16 daj^s after inoculation with Strain 4 phlebotomus 
cultures. The eruption was more general and tlie edema extensive in this animal. 
Death occurred 3 da 3 ^s after the photograph was made. 

Plate 46. 

Figs. 6 and 7. Late lesions in il/. rhesus I-l (Strain 1) as they appeared 31 daj's 
after inoculation. The most pronounced lesion occurred at the scarification site 
(center). 

Fig. 8. AT, rhesus I-l 9, 29 days after inoculation in the same way and at the same 
time as AT, rhesus 1. 

Fig. 9. AT, rhesus 1-44, 21 da 3 ^s after inoculation with cultures of Phlebotomus 
Iioguchii Strain 3. 

Plate 47. 

Magnification X 1,000. 

Fig. 10. Phlebotomus Strain 1, from Lots 1,2, 9, 14, Gram’s stain, counter- 
stained witli saturated alcoholic solution of fuchsin. 

Fig. 11. Same, stained for fiageUa, by a combination of Zettnow’s mordant and 
Fontana’s ammoniac silver solution. 

Fig. 12. Phlebotomus Strain 2, from Lot 20. Gram’s stain, counterstained with 
fuchsin. 

Fig. 13. Same, Zettnow-Fontana flagella stain. 

Fig. 14. Phlebotomus Strain 3, from Lots 39 and 45. Gram’s stain, counter- 
stained with fuchsin. 

Fig. 15. Same, Zettnow-Fontana flagella stain. 

Fig. 16. Phlebotomus Strain 4, from Lot 54. Gram’s stain, counterstained with 
fuchsin. 

Fig. 17. Same, Zettnow-Fontana flagella stain. 
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A CIDOSIS, outl}4ng, due to func- 
^ tional ischemia, 435 

Aerobic cultures of Bacillus typhosus, 
potentials, 711 

African yellow fever, immunity of 
monkeys to, after recoveiy" from 
South American yellow fever, 

985 

Allergizing capacity of different 
strains of indiSerent streptococci, 

637 

Allerg>% tuberculin-like, follondng sec- 
ondary reaction to non-hemolytic 
streptococci, 615 

Anaerobes, facultative, initiation of 
growth as related to oxidation- 
reduction processes in medium, 

559 

Anaerobically produced autolysates 
of pneumococci (Types I and 11), 
differentiation of toxic substances, 

695 

Anaphylactic shock, hyperglycemia as- 
sociated with, 481 

, pulmonary circulation, 

21 

Anaphylaxis, blood caldum distribu- 
tion, 705 

— , respiratory, (asthma) transmitted 
from mother to offspring, 833 
— with type-spedfic carbohydrates 
of pneumococcus, 251 

Anemia, pernicious, liver fraction 
potent in, fed alone and combined 
with whole liver, liver ash, and 
fresh bile, 215 

— , severe, blood regeneration, 

215 

Antibodies, development and effect 
in tuberculosis, 815 


Antisera for separate types of Pneu- 
mococcus Group W, 461 

Ash, liver, action on grov.*th of 
fibroblasts, 163 

— , — , combined vrith potent liver 
fraction and fed in pernicious 
anemia, 215 

Asthma, 21 

■ transmitted from mother to off- 
spring, 833 

Autolysates, anaerobic, of pneumo- 
cocci (Types I and II), differenti- 
ation of toxic substances, 695 
Autolysis, pneumococcus, 267 


OACELLI, diphtheria, hj^ersensi- 

^ tiveness to, 33 

— of Salmonella group, predpitable 

substances, 727 

Bacillus abortus strain from swine, 

671 

— coli, lactase and lipase, 475 

— typhosus culture States, effect of 

sera on factors determining local 
skin reactivity to, 593 

, potentials of aerobic cultures, 

711 

toxic substances, 593 

Bacterial enzymes, 475 

— surface properties, correlation 

between change caused by normal 
and immune sera and changes in 
phagocytosis, 797 

' “ , — between changes caused 

by sera of animals imder immuniza- 
tion and changes in phagocytosis, 

779 

Bacteriological media, sterile, oxida- 
tion-reduction properties, 507 

Bacteriophage, sensitizing properties, 

127 
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Bacteriostatic action of dyes and 
oxidation-reduction processes, 

575 

Bacterio tropin and opsonin action, 
medmnisni, 779, 797, 815 

Bahia, Brazil, strains of yellow fever 
virus in use at Yellow Fever 
Laboratory, 975 

Bile, fresh, combined witli potent 
liver fraction and fed in pernicious 
anemia, 215 

— , human, its reaction and relation 
to gall stone formation, 681 

Bilirubin and hemoglobin, relation of 
chromatin, 937 

Blood, biometry of calcium, inorganic 
phosphorus, cholesterol, and lipoid 
phosphorus, 287, 859 

— calcium distribution in ana- 
phylaxis, 705 

— , — and inorganic phosphorus, 

103 

— chemical changes in dehydration 

contrasted with those following 
obstruction of cardiac end of 
stomach, 945 

— , — findings after closed-loop ob- 
struction of jejunum, 955 

— chlorides in conditions associated 

with pneumonia, 603 

— lymphocytes, relation of number 
in subcutaneous infection with 
staphylococci to lymphatic tissue, 

347 

— regeneration in severe anemia, 

215 

Bone trabeculEe as readily available 
reserve supply of calcium, 

145 

Brazil, Bahia, strains of yellow fever 
virus in use at Yellow Fever 
Laboratory, 975 

Breathing, rapid shallow, resulting 
from pulmonary congestion and 
edema, 531 

a-Brom soaps, germicidal and hemoly- 
tic action, . 53 


OALCIUM biometry in blood, 

^ .... 287, 859 

— , blood, distribution in anaphy- 
laxis, 705 

— , bone trabeculae as readily avail- 
able reseiv-e supply, 145 

— and inorganic phosphorus in blood, 

103 

— and phosphorus metabolism, 

145 

Carbohydrates, type-specific, of pneu- 
mococcus, causing anaphylaxis, 

251 

Carrion’s disease. See Oroya fever. 
Cell multiplication, chemical nature 
of substances required for, 

163 


Cellular response to submaxillary 
virus of guinea pigs, effect of duct 
ligation and pilocarpine administra- 
tion, 229 

Chlorides, blood, in conditions as- 
sociated with pneumonia, 603 

Cholesterol, biometry in blood, 

287, 859 

Chromatin, relation to hemoglobin 
and bilirubin, 937 

Circulation, pulmonary, during ana- 
phylactic shock, 21 

Colon bacillus. See Bacillus call. 
Combustion, fat, effect of liver lack, 

765 


Congestion, pulmonary, and edema, 
causing rapid shallow breathing, 

531 


Connective tissue. See Tissue. 
Copper, chemical and pathologic 
study of effects on liver, 5 

Culture filtrates of Bacillus typhosus, 
effect of sera on factors determining 
local skin reactivity to, 593 

Cultures, aerobic, of Bacillus typhosus, 
potentials, 


D ehydration, chemical 

changes in blood contrasted with 
those following obstruction of car- 
diac end of stomach, 945 
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Diphtheria bacilli, Inpcrsensitiveness 
to, * ^3 

Diplococcns pncmnonie, TN'pe II, 
relationship to Saccharomyccs ccrc- 
visicc, 1S3 

Disease, Carrion^s. See Oro>’a fever. 
Duct ligation and pilocarpine ad- 
ministration, eSect upon cellular 
response to submaxillary virus in 
guinea pigs, 229 

Dyes, bacteriostatic action, and oxida- 
tion-reduction processes, 575 


'P'DEMrl, pulmonary, and conges- 
^ tion, causing rapid shallow 
breathing, 531 

Electricity, relation of frequenej* to 
physiological effects of edtra-high 
frequency currents, 303 

Encephalitis, herpes, in Cchus 
monkej^, 661 

— , herpetic, filtration of \drus, 


1 

Enzannes, bacterial, 475 

Etiolog}' of Chicken Sarcoma I 
(Rous), 195 

— of Oroya fever, 993 


17 AT combustion, effect of liver 
^ lack, 765 

— metabolism, relation of liver, 

765 


Fever, Oroya. See Oroya fever. 

— , rheumatic. See Rheumatic fever. 
— , yellow. See Yellow fever. 
Fibroblasts, action of glutathione, 
hemoglobin, and ash of liver on 
growth, 163 

Filtrates of Bacillus lyplwsus cultures, 
effect of sera upon factors determin- 
ing local skin reactivity to, 


593 

Filtration of virus of herpetic en- 
cephalitis and of vaccinia, 1 

Fowl paralysis (neurol>Tnphomatosis 
gallinarum), clinical features and 
pathology, 63 

transmission, 87 


Fowl-pox transmission by mosquitoes, 

649 


^ ALL stone formation, relation to 
reaction of bile, « 681 

Germicidal and hemolytic action of 
a-brom soaps, 53 

Glutathione, action on growth of 
fibroblasts, 163 

Glycerol, sum\iil of ^d^us of poUomy- 


elitis for eight years, 


701 


Gum arable, soluble specific substance 
from, 847 


TUT E^IOGLOBIN , 
of fibroblasts, 


action on growth 
163 


— and bilirubin, relation of chroma- 
tin, 937 

Hemolytic and germicidal action of 
a-brom soaps, 53 


Herpes encephalitis in Cebus monkeys, 

661 


— zoster, relation to varicella, clinical 
and experimental observations, 

907 


, varicella, statistical ob- 
servations, 899 

Herpetic encephalitis, filtration of 
virus, 1 

Hyperergy, tuberculin-like, following 
secondary reaction to non-hemoly- 
tic streptococci, 615 

Hyperglycemia associated with ana- 
phylactic shock, 4S1 

Hypersensitiven^s to diphtheria 
bacilli, 33 

— , tubercuiin-Iike, following second- 
ary reaction to non-hemol}iic strep- 
tococci, 615 


TLEOSXOIvIY and sodium chloride 
solution for treatment of acute 
general peritonitis, 525 

Immune and normal sera causin*^ 
changes in bacterial surface propel 
ties and in phagocytosis, 797 
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Immunity of monke 3 's recovered from 
Soutli American yellow fever to 
African virus, 985 

Immunization, correlation between 
changes in bacterial surface proper- 
ties and in phagocytosis caused by 
sera of animals under, 779 

— , intradermal versus subcutaneous, 
against poliomyelitis, 959 

Immunized animals, skin reactions to 
non-hemolytic streptococci, 883 
Immunologic reactions with tobacco 
mosaic virus, 919 

— relationships among pneumococci, 

183 

Insect vectors of Carrion’s disease, 

993 

Ischemia, functional, causing outljdng 
acidosis, 435 


JEJUNUM, closed-loop obstruc- 
*-* lion, chemical findings in blood 
after, 955 


l^IDNEY, formation of urine after 
injection of uranium nitrate, 

387 


— , functional and pathological re- 
sponse after second subcutaneous 
injection of uranium nitrate, 


411 


y ^ACTASE of colon bacillus. 


475 


Ligation, duct, and pilocarpine ad- 
ministration, effect upon cellular 
response to submaxillary virus in 
guinea pigs, 229 


Light environment, influence of 
various types on calcium, inorganic 
phosphorus, cliolesterol, and lipoid 
phosphorus of blood, 859 

— ■ — , — on calcium and inorganic 
phosphorus of blood, 103 

Lipase of colon bacillus, 475 

Lipoid phosphorus, biometry in blood, 

287, 859 


Liver ash, action on growtli of fibro- 
blasts, 163 

, combined with potent liver 

fraction and fed in pernicious 
anemia, 215 

— , chemical and patliologic effects of 
copper, 5 

— fraction potent in pernicious 

anemia fed alone and combined 
with whole liver, liver ash, and 
fresh bile, 215 

— insufficiency, partial, produced in 

rabbits, 745 

— lack, effect on fat combustion and 

respirator}’’ quotient, 765 

— , relation to fat metabolism, 

765 

— , total surgical removal in rabbits, 

759 

— , wdiole, fed combined with liA’^er 
fraction potent in pernicious an- 
emia, 215 

L}Tnphatic tissue, 347, 361 

, effect of intravenous injection 

of lulled staphylococci, 361 

, relation to number of lympho- 
cytes in blood in subcutaneous in- 
fection with staphvlococci, 

347 

Lymph nodes, material from, 

323 

Lymphocytes, relation of number in 
blood to lymphatic tissue in sub- 
cutaneous infection witli staphylo- 
cocci, 347 

Lymphoid tissue heterology with 
special reference to monocyte — 
supravital studies, 323 


T^EDIA, sterile bacteriological, oxi- 
dation-reduction properties, 

507 

Medium, oxidation-reduction _ proc- 
esses as related to initiation of 
growtii of facultative anaerobes,^ 

5o 9 

IMetabolism, calcium and phosphorus, 

145 
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J^IetaboVism, fat, relation of liver, ^ 

765 

iilonocytc, heterology of l>Tnphoid 
' tissue — supr3\4tal studies, 

323 

^losaic \’irus, tobacco, immunologic 
reactions, 919 

2vlosquito transmission of fovrl-pox, 

649 

"NJEPHRITIS, chronic, induced by 
uranium nitrate, 387 

Neurol\Tnphomatosis galiinarum 
(fowl paralysis), clinical features 
and pathology, 63 

— , transmission, 87 

Node, lymph. Sec Lymph. 
Non-bemoly tic streptococci and acute 
rheumatic fever, 539 

, reactions of rabbits, 

615, 883 


Pathologic and chemical study of 
cfifccts of copper on liver, ^ 5 

functional response of Wdney 

after second subcutaneous injection 
of uranium nitrate, ^ 411 

study of formation of urine 

by kidneys after injection of ura- 
nium nitrate, 387 

Pathology, fowl paralysis, 63 

Peritonitis, acute general, treated 
with ileostomy and sodium chloride 
solution, 525 

Phagocytosis, correlation betvreen 
changes caused by normal and 
immune sera and Ganges in bac- 
terial surface properties, 797 

— ^ — — — caused by sera of 
animals under immunization and 
changes in bacterial surface proper- 
ties, 779 

I Phosphorus and calcium metabolism, 

145 


QBSTRUCTION, closed-loop, of 
^ jejunum, chemical findings in 
blood after, 955 

— of cardiac end of stomach, chemi- 
cal changes in blood contrasted 
with those in dehydration, 

945 

Opsonin and bacteriotropin action, 
mechanism, 779, 797, 815 

Oroj^a fever, etiology, 993 

, insect vectors, 993 ! 

Oxidation-reduction equilibria in bi- 
ological systems, 711 

' — processes in medium as related to 
initiation of growth of facultative 
anaerobes, 559 

, relation of bacteriostatic action 

of dyes, 575 

— properties of sterile bacteriological 
media, 507 


pARALYSIS, fowl, (neurolympho- 
matosis galiinarum) , clinical 


features and pathology, 63 

— , — , , transmission, 87 


— , inorganic, biometry in blood, 

287, 859 

— , — , and calcium in blood, 

103 

— , lipoid, biometry in blood, 

287, 859 

Physiology, relation of frequency to 
effects of ultra-high frequency cur- 
rents, 303 

Pilocarpine administration and duct 
ligation, effect upon cellular 
response to submaxillary virus in 
guinea pig^, 229 

I Pneumococci, immunological relation- 
ships, 183 

— , reversion of R to S, 237 

Pneumococcus autolysis, 267 

— Group IV separated into types, 
and therapeutic antisera developed 
for them, 451 

Type I and T>pe II, differentia- 
tion of toxic substances in an- 
aerobically produced autolysates, 

TT 1 

U, relationship to Saccha- 
romyces cere:>isics, lg 3 
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Pneumococcus type-specific carbohy- 
drates causing anaphylaxis, 

251 

Pneumonia, blood chlorides in con- 
ditions associated with, 603 

Poliomyelitis, intradermal versus sub- 
cutaneous immunization, 959 

— virus, survdral for eight y'ears in 

glycerol, 701 

Precipitable substances of bacilli of 
Salmonella group, 727 

Pulmonary circulation during ana- 
phylactic shock, 21 

— congestion and edema causing 

rapid shallow breatliing, 531 


OEACTION, an 
reaction to 


immediate skin 
diphtheria bacilli 
which can be passively transferred, 

33 


Reduction-oxidation equilibria in bi- 
ological systems, 711 

— processes in medium as related to 

initiation of growth of facultative 
anaerobes, 559 

— • — , relation of bacteriostatic action 

of dyes, 575 

— properties of sterile bacteriological 

media, 507 

Respiratory anaphylaxis (asthma) 
transmitted from mother to off- 
spring, 833 

— quotient, effect of liver lack, 

765 


Rheumatic fever, acute, and non- 
hemolytic streptococci, 539 

Rous Chicken Sarcoma I, etiology, 

195 


CACCHAROMYCES ccrcvisia:, re- 
lationship to Type II variety -oi 
Diplococciis pneumonia;, 183 


Salmonella bacilli, precipitable sub- 
stances, 727 

Sarcoma I (Rous), etiology, 195 

Sensitizing properties of bac- 
teriophage, 127 


Sera, effect on factors determining 
local skin reactivity to filtrates of 
BadUtts typhosus cultures, 593 
— , normal and immune, causing 
changes in bacterial surface proper- 
ties and in phagocytosis, 797 

— of animals under immunization 
causing changes in bacterial surface 

! properties and in phagocytosis, 

779 

Serum, human, toxicity for guinea pig, 

497 

Shock, anaphjdactic, hypergh'cemia 
associated with, 481 

— , — , pulmonarv circulation, 

21 

Skin, immediate reaction to diph- 
theria bacilli, which can be pas- 
sively transferred, 33 

— reactions in intravenously im- 

munized animals to non-hemolytic 
streptococci, 883 

— reactivity, local, to filtrates of 

Bacillus typhosus cultures, and 
effect of sera upon it, 593 

Soaps, ff-brom, germicidal and hem- 
olytic action, 53 

Sodium chloride solution and ileos- 
tomy for treatment of acute general 
peritonitis, 525 

Soluble specific substance from gum 
arabic, 847 

South American vellow fever, 

975, 985 

Staining, supravital, for study of 
heterology of lymphoid tissue, 

323 

Staphylococci, killed, effect of in- 
travenous injection on beha\'ior of 
Ijnnphatic tissue, thymus, and vas- 
cular connective tissue, 361 

— , subcutaneous infection, relation 
of lymphatic tissue to number^ of 
lymphocytes in blood, 347 

Sterile bacteriological media, oxida- 
tion-reduction properties, 507 
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Stomach, cardiac end obstructed, i 
chemical changes in blood con- 
trasted v.nth those in dehydration, 

945 

Stxeptococd, indifferent, 637 

— , non-hemolytic, and acute rheu- 
matic fever, ^ 539 

— , — .reactions ot rabbits, 

’ 615, 883 

Submaxillary virus of guinea pigs, 

229 

guinea pigs, effect of duct 

ligation and pilocarpine administra- 
tion upon cellular response, 

229 

Swine, strain of Bacillus ahoriuSy 

671 


npHY^IUS, 


effect of intravenous 
injection of killed staphylococci, 

^ 361 

Tissue, Ijunphatic, 347, 361 

— , — , effect of intravenous injection 
of kffled staphylococci, 361 

— , — relation to number of lympho- 
cytes in blood in subcutaneous 
mfection with staphylococci, 

347 

— , lymphoid, heterology vsith special 
reference to monocj’te — supravital 
studies, 323 

— , vascular connective, effect of in- 
travenous injection of killed 
staphylococci, 361 

Tobacco mosaic \drus, immunologic 
reactions, 919 

Toxicity of human serum for guinea 
pig, ^ 497 

Toxic substances in anaerobically 
produced autolysates of pneumo- 
cocci (Types I and II), 695 

of Bacillus typhosus, 593 

Trabeculae, bone, as readily av^lable 
reserve supply of calcium, 

145 

Tuberculin-like hypersensitiveness, al- 
lergy, or hj’perergj" following sec- 
ondary reaction to non-hemolytic 
streptococci, 615 


Tuberculosis, development and effect 
of antibodies, 815 

T TRANIXJhI nitrate, functional and 
^ pathological response of kidney 
after second subcutaneous in- 
jection, 411 

— , inducing chronic nephritis, 

387 

Urine, formation by kidneys after 
injection of uranium nitrate, 

387 


1 


■^ACCINIA, filtration of \’irus, 

Varicella, relation to herpes zoster, 
dinical and experimental ob- 
servations, 907 

— , herpes zoster, statistical 

observations, 899 

Vectors, insect, of Carrion’s disease, 

993 

Virus, African yellow fever, immunity 
of monke>^ after recover^’ from 
South American yellow fever, 

985 

— of herpetic encephalitis and of 
vaednia, filtration, 1 

— , poliomyelitis, sur\ival for eight 
years in glycerol, 701 

— , subma^ary, of guinea pigs, 

229 

guinea pigs, effect of duct 
ligation and pilocarpine administra- 
tion upon cellular response, 229 
— tobacco mosaic, immunologic 
reactions, 919 

— , yellow fever, strains in use at 
Yellow Fever Laboratory in Bahia, 
Brazil, 975 

^y^ELLOW Fever Laboratory in 
Bahia, Brazil, strains of yellow 
fever virus in use, 975 

■ — , South American, 

975, 985 

ROSTER, See Herpes. 
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BLOOD CALCHIM DISTRIBUTION IN ANAPHYLAXIS IN 
the GUINEA PIG. 

By HERMAN BROWN and SUSAN GRIFFITH RAMSDELL, 

{From Ihc Research lustilitlc of Culancoiis Medicine, Philadelphia.) 

(Received for publication, Januarj' 24, 1929.) 

The biological importance of calcium has, of course, long been 
known; but it has only been comparatively recently, through the 
stimulus afforded by the findings of the close relationship between 
certain pathological conditions and disturbed caldum metabolism, 
that the element has been so extensively studied. The effect of 
calcium on tissue permeability and irritability, and the role attributed 
to it in blood coagulation is of special interest in the study of ana« 
phylaxis; and the work to be reported here is a study of the variations 
in the total calcium and in the diffusible and non-diffusible fractions 
which occur in the anaphylactic guinea pig. 

WTiile many determinations have been made of total serum caldum, 
usually with findings of a constant or only slightly diminished value 
(1-3), a review of the literature yields no report on diffusible calcium 
in anaphylactic shock. Blum, Delaville and Caulaert (4) found the 
diffusible caldmn in peptone shock in one dog increased from 5.7 to 
7.5 mg. per 100 cc.; and in the rabbit, in which the manifestations of 
shock were weak, two e.xperiments gave nearly double the values for 
the diffusible fraction over that found in the control animal. Ko 
such study is to be found for the guinea pig, in which, of all the ex- 
perimental animals, anaphylactic shock is to be demonstrated most 
uniformly and definitely. 


Technic. 

For this study 66 guinea pigs were used, including the normal controls. The 
shocked animals were prepared by direct sensitization with human or horse serum, 
or pa^ively by the transfer (48 hours) with an anti-horse serum (rabbit). Since 
the size of the animal precluded preshock bleedings, subsensitized animals, for 
controls, were iniected with horse serum and then killed after varying interv^ab 
corresponding to those at which the shocked animab were bled. 
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In all the groups it was necessary to use tlie pooled bloods of from 2 to 4 animals, 
depending upon their size, in order to secure a sufhcient sample of serum for 
analysis. Caro was taken, in all cases, that the animals in eacli group showed tlie 
same type of reaction, and that tlie bleedings were made at tlie same intervals 
after injections. 

Calcium determinations were made according to Tisdall’s modification (5) of 
Kramer and Tisdall’s method (6). The method of Moritz (7) as modified by 
Updegraff, Greenberg and Clark (8) was used in obtaining the diffusible calcium 
findings. As a criterion of a proper permeability of the collodion bags, we ac- 
cepted only those results in whicli not less than 1 cc. of fluid passed through the 
membrane and which, of course, gave no tests (biuret) for protein in tlie diffusate. 
Nearly all results given in tlie table are averages of two determinations and aU the 
results were actual ones, i.c., the non-diffusible calcium was not Calculated by 
difference. This we believe to be an added check on tlie results, for though the 
possibility has been suggested (8) that some Ca may be lost in the membrane itself, 
an inspection of the tables will indicate that the sum of the diffusible and non- 
diffusible calcium is, in general, rather more, instead of less, than the total 
calcium, indicating that such losses are quite negligible and are more than counter- 
balanced by the errors inherent in the calcium determination itself. 

DISCUSSION. 

In the table are listed the results of determinations for total serum 
calcium, the diffusible and non-diffusible, and the percentage of 
these of the total calcium. All the figures are placed in one table to 
facilitate comparison of the normal findings with those for the animals 
which were subsensitized and did not show shock s 3 miptoms and those 
wliich showed a marked degree of anaphylaxis. 

An inspection of the table indicates, in the first place, that the total 
serum calcium is quite constant in the guinea pig even in cases of 
severe shock. However, much work has been done in recent years to 
show that the biological activity of calcium really depends upon the 
various forms in which it may exist. Since the discovery of Rona and 
Takahashi (9) that serum calcium exists in diffusible and non-diffusible 
form, much evidence has accumulated (10-12) to indicate that the 
non-diffusible fraction is in the form of a protein compound. Tliis 
explanation has been rejected by Cameron and Moorhouse (13) and, 
though it is not the purpose of this paper to discuss the merits of these 
theories, we should like to point out, that, at present, it appears to be 
aco^ed that the non-diffusible serum calcium is in the form of a 
protein ^complex. Moreover, the total serum 'calcium determination 
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may be a poor index of what is really happening, for a disturbance of 
this calcium-protein complex may occur with resulting marked 


TABLE I. 

Shod Calcium Distribution in the Normal and Shocked Guinea Pig. 


Experi- 

Total 

DjSusible Ca 

Kou-diflusiblc 

Ca 

Retnarks 

ment 

Ko. 

Ca 

Mp.pcr 
100 cc. 

Per 
cent of 
total 

Mg, per 
100 cc. 

Per 

cent of 
total 


rtg.frr 
100 cc. 






1 

10.2 

5.4 

53 

4.5 

44 

Normal animals 

2 

8.6 

4.6 

54 

4.0 

47 

Normal aiumals 

3 

10.2 

5.9 

58 

4.0 

44 

Normal animals 

4 

8.6 

4.7 

55 

3.6 

42 

Normal animals 

5 

9.6 

6.5 

67 

3.2 

33 

Normal animals 

6 

10.1 

5.3 

52 

5.0 

49 

Doubtful shock 20 min. after antigen in- 
jecdon 

7 

9.4 

, s.o 

53 

4.2 

45 

( Negative shock. Bled 20 min. after in- 
jection 

8 

1 

9.4 

S.l 

54 

4.2 

45 

1 Doubtful shock. Bled 20 min. after in- 
jection 

9 

8.8 

5.2 

59 

3.5 

40 

Negative shock. Passive sensitization 

10 

8.4 

4.9 

58 

3.6 

43 

Masmum shock; bled at prostration 

11 

10.0 i 

7.1 1 

71 j 

3,2 

32 

Maximum shock; bled at prostration 

12 

9.3 

5.9 ! 

63 i 

3.2 

34 

Xfaximum shock; bled at prostration 

13 

9.2 

6.6 ' 

72 

2.7 

30 

^lasmum shock; bled at prostration 

14 

9.7 

6.2 

64 

3.6 1 

37 

Maximum shock; bled at prostration; pas- 
dve sensitization 

15 

9.3 

6.7 

72 

3.1 

33 

Immediate shock; bled on appearance of 
clonic seizures; lungs maximum . 

16 

9.6 

5.7 

59 

4.1 

43 

Immediate shock; bled on appearance of 
clonic seizures; lungs maximum 

17 

10.1 

7.3 

72 

3.0 

30 

Immediate shock; bled on appearance of 
clonic seizaires; lungs maximum 

18 

10.0 

7.3 

73 

2.7 

27 

Histarmne, 1 cc. 1/50CX) dilution; immediate 
violent shock; bled at prostration 


philological effects, but without altering the total serum caldum, A 
striking example of tHs has recently been pointed out by SheUing and 
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Maslow (14) who demonstrated that, following citrate additions to 
serum, either in vitro or in vivo, practically the entire calcium-protein 
combination is destro 3 ’-ed, all the calcium becoming diffusible, without, 
however, altering the total serum calcium. In order to detennine if 
the reaction in the guinea pig following citrate injection resembled 
anaphyla.\is. Shelling and Maslow’s procedure was followed in one set 
of animals: calcium determinations (not listed in the tables) indicated 
that over SO per cent of the guinea pig serum calcium became diffusible. 
Following the citrate injections violent immediate reactions were 
elicited; these, liowever, did not in any way simulate those charac- 
teristic of anaphylactic shock. 

The findings for diffusible calcium, in terms of percentage of total 
calcium, are shown in the table to vary from 53 to 67 with an average 
of 55 for the normal animals; for the subsensitized wliich did not 
manifest tj^pical symptoms upon reinfection, the variations were from 
52 to 59 with an average of 54.5; while in tlie shocked animals a 
minimum value of 58 and a maximum of 72, with an average of 66, 
were found. Experiments 10 and 16 of the shocked animals gave 
values which may be considered “high” nonnal, wliile the results of 
the other experiments indicated a very definite increase in diffusible 
calcium with a corresponding decrease in the non-diffusible or “protein- 
complex” calcium. 

There is then no change in this form of calcium incident to the 
treatment of the animal with a foreign serum, but a decided increase 
when the animals manifest shock. This increase is apparently not 
affected by the time interval at wliich the animal is bled, once symp- 
toms of acute shock are established. 

That the calcium change is not peculiar to anaphylactic shock is 
evidenced by the experiment with citrate injections and with hista- 
mine, resulting in the liighest figure found for diffusible calcium. But 
in this last type of reaction, the coagulability of the blood is known 
not to be affected. This change in calcium ion content of the blood 
in anaphylactic shock is then not of necessity directly related to the 
phenomenon of a lessened coagulation time. This last has, indeed, 
been adequately accounted for by experiments of Weil (15) which 
demonstrated that the lessened coagulation time could be attributed 
to a liver product thrown into circulation following contact with the 
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antigen. From the results found for the non-diffusible fraction, it 
may be inferred that some change occurs in the protein of the scrum 
whereby its normal combination with calcium is disturbed; but the 
data at hand furnish no basis for any conclusions as to the role this 
change plays in the basic mechanism of the phenomenon of shock. 

CONCLUSION. 

The results above reported for total calcium and the membrane- 
diffusible fraction in the serum of the guinea pig, taken at various 
intervals during anaphylactic shock, confirm the findings of previous 
workers that the total calcium is essentially unchanged. There is, 
however, the further finding that the diffusible fraction is considerably 
increased over that found for the animal similarly treated but not 
manifesting characteristic symptoms. 
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OXIDATION-REDUCTION EQUILIBRIA IN BIOLOGICAL 

SYSTEMS. 

n. Potentials oe Aerobic Cultures of B. typhosus. 

By CALMN B. coulter, M.D., and MOSES L. ISA/VCS, Ph.D. 

{From ike Depariment of Bacieriology, Colkge of Physicians and SurgeonSj Cohimhia 
University, Nov YorL) 

(Received for publication, February 2, 1929.) 

Gillespie (1) was the first to observe that an indifierent metallic electrode placed 
in a culture of bacteria manifests a negative drift in potential. Potter (2) had 
found previously that an electrode in an inoculated portion of culture medium is 
negative to an electrode in an uninoculated portion of the same medium, when 
the two portions are separated by a porous diaphragm. Clark (3) and his colla- 
borators have extended the observations of Gillespie and have aroused a wide- 
spread interest in the biochemical processes involved in the establishment of re- 
duction potentials. 

The hopes of the earlier investigators that the determination of reduction po- 
tentials would provide a measure of the intensity of oxidation or reduction in 
biological systems cannot yet be realized, since difficulties are apparent in the 
interpretation of such potentials in strict accordance with the theor>" of oxidation- 
reduction equilibrium as it has been developed for inorganic or relatively simple 
organic substances. The substances responsible for the observed potentials of 
biological complexes have not been identified; there is much to suggest, however, 
that the suHhydryl bodies are involved. The work of Dixon (5) and Dixon and 
Quastel (4) and the recent careful study of Michaelis and Flexner (6) indicate 
that these bodies do not constitute a simple reversible oxidation-reduction sys- 
tem, as w^ould be required for strict application of the theory of reduction potentials, 
although their solutions in the absence of oxygen yield definite potentials which 
vary with the Ch and the concentration of the reduced form of the substance. 
These substances are, therefore, electromotively active and the combined form 
glutathione is so generally present in biological preparations that it must be con- 
cerned in the production of electrode potentials. These and other electromotively 
active bodies may also actually intermediate the reduction potentials,' acting as 
catalysts for the oxidation or reduction of organic constituents which are not 
themselves electromotively active. There is, however, at the present time no 
evidence that the reactions which may be catalyzed by such substances are subject 
to definition in terms of intensity values. Further data from biolo^cal systems 
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must be accumulated before a formulation of the mechanisms involved can be 
attempted. 

No satisfactorj' explanation has been offered for the part played by molecular 
oxygen in the development of biological reduction potentials, altliough all investi- 
gators have noted that reduction potentials of considerable intensity are attained 
only when oxygen is removed from tlie system. This may be accomplished by 
deaeration by a stream of nitrogen or by a spontaneous oxj'gen consumption 
which may take place as in sterile bouillon (7) even when the system contains 
only inanimate materials. Before such anaerobic conditions are attained the 
potentials^ in any biological sj'stem are distinctly more positive than when 
oxj'gen is absent, and it is not possible to decide to what extent the electrode under 
these conditions acts simply as an oxygen electrode or measures tlie actual oxida- 
tion-reduction forces which prevail in the system or indeed to decide whetlier or 
not these two possible meclianisms are properly to be contrasted. 

Limitations tlius surround the investigation of biological potentials and the 
significance which may be attached to the results. 

In. the first paper (7) of tliis series the reduction potentials of sterile 
culture bouillon were examined, and it was found that sterile bouillon 
in the absence of oxygen yields rather definite and characteristic 
potential values. Although the significance of these values is limited 
it seemed possible that they might serve as comparison values in a 
study of the potentials of growing cultures. The subject of the present 
paper is the relation of the potentials of sterile bouillon to those of 
living cultures of B. typhosus in the same medium. It was the hope 
that such an investigation would throw light upon the reducing activi- 
ties of bacteria and upon the mechanism by which oxidation-reduction 
potentials are produced. 

Technic. 

The arrangement of the electrode cell and the method of potential measurement 
was that described in the first paper of this series (7). The electrodes used were 
for the most part purified gold which had been employed in the earlier work.' An 

1 The electrodes were placed when not in use in cliromic acid solution, and were 
immersed for several minutes in concentrated sulfuric acid before each e.xperiment. 
It was found that if this precaution were not taken the electrodes were sluggish 
and did not agree with one another closely. It was believed tliat the concentrated 
acid removed traces of stop-cock lubricant whicli may have been carried into the 
cell and become attached to the electrodes, but it is possible that solution of a film 
of oxide on tlie surface of the electrodes may have been involved. See hlicliaelis 
and Flexner (6). 
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improvement was made in the method of setting up the agar bridge: instead of 
filling the tube with agar, sterilizing separately, and fitting it aseptically to the 
large stopper of the electrode cell, the tube was inserted in the stopper and its 
outer end connected by rubber tubing provided with a pinch-cock to a funnel 
containing the RCl agar. After sterilization of the completely assembled appara- 
tus in the autoclave at 10 pounds for 10 minutes, the melted agar was ailovred to 
flow, by opening the pinch-cock, into the bridge tube, while the apparatus was 
still warm. A drop of agar was allowed to form at the tip of the tube, at which 
time the pinch-cock w’as closed. After the agar had solidified the connection to 
the funnel was removed and replaced by a rubber tube, filled with saturated KCI, 
which was connected to a special fonn of calomel half-ccU through a three-way 
stop-cock. During an experiment this cock was kept closed and the rubber tube 
was shellacked, so that the bridge was a closed system into which ox>^gen could not 
readily diffuse. Reliance was placed on careful shellacking of all exposed rubber 
surfaces for exclusion of oxygen which would otherwise diffuse through the rubber. 

The electrode cell and its contents were maintained at 38^C. by means of a 
smah heating coil which fitted closely about the cell. .A thermometer was placed 
in and sterilized with the cell. The flow of electric current through the heating 
coil was controlled by sliding-contact rheostats; a low-range ammeter in the cir- 
cuit permitted calibration of the current required to reach and maintain any de- 
sired temperature. Although a thermostat was not used the temperature was 
kept within the limits of =i:1.0'’C. variation by adjustment of the rheostats. 

The bouillon used was standard meat infusion, adjusted to pH 7.6 and buffered 
by phosphate which was added to a concentration of m/15. A saturated solution 
of dextrose was sterilized by heating to 80^ C. for 30 minutes; an amount of this 
sufficient to give a final concentration of 0.5 per cent was added aseptically, in 
those experiments in which a dextrose medium was used, after the bouillon had 
been autoclaved. For each experiment 25 cc. of bouiUon were autoclaved in a 
small flask, at 10 pounds for 10 minutes, along with the electrode cell. After 
cooling to about 38®C. the bouillon w’as transferred aseptically to the separatoiy 
funnel of the cell assembly . • ViThile in the funnel the bouillon was inoculated with 
two loops of an 18 hour broth culture of B, typhosus and was then allowed to run 
into the electrode cell. At intervak during many of the experiments portions of 
culture were drawn off from the cell by means of the bottom outlet, for the pur- 
poses of meastirement of pH and of enumeration of bacteria by dilution plate 
cultures. 

The electrical measurements were made by means of the usual potenriometer 
assembly, and at the same time were followed in many of the experiments by a 
Leeds and Northrup recording potentiometer. This instrument was spedally 
adapted for this work by the makers; the moving coil has a resistance of 2500 ohms 
and is delicately balanced. This instrument was used chiefly as a precaution 
agamst overlooking changes in potential during the hours when the electrode ceU 
was not under actual obser\^ation. The potentials indicated by the automatic 
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recorder were in general witliin 5 to 10 millivolts of those determined manually. 
The numerical values referred to in connection with the description of the experi- 
ments represent independent readings taken with the more sensitive hand-operated 
potentiometer. 

Measurement of oxidation-reduction potentials was made first OU' 
cultures in bouillon winch contained only the small amount of dextrose 
naturally present. In such cultures the change in pH after 24 hours 



Fig. 1. The potentials of B. typhosus in bouillon without added dextrose are 
given by the solid line. The broken line gives the potentials of tlie bouillon in the 
sterile condition when deaerated witli nitrogen. The rise in potential of tlie cul- 
ture on passage of o.X 3 fgen and tlie return to negative values on stopping tlie flow of 
oxygen are shown at the right of tlie figure. The culture tliroughout incubation 
had access to atmospheric ox 3 rgen. Ordinates represent Bh values at pH 7.6. 

growth is small, amounting to less than 0.3 pH; if 0.1 per cent or more 
of dextrose is present the acid resulting from fermentation of the sugar 
is sufficient to displace the pH of the medium in spite of the addition of 
phosphate buffer, and introduces a complication in the interpretation 
of the potentials observed. When the electfode vessel was half filled 
with bouillon, and the cocks of the gas tubes entering and leaving the 
cell were closed, the culture had access to an equal volume of air, and 
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the conditions were similar to those of the ordinary aerobic culture. 
The time-potential curves of cultures under these conditions have 
been obtained in a number of experiments. 

The course of the potentials is shown for a typical experiment in 
Fig. 1. During the first few hours the potentials remain close to the 
initial values, which range as in sterile bouillon at the beginning of 
deaeration between +0.250 and +0.150 volt. The lower initial 
values have been given by bouillon which had been freshly autoclaved 
and rapidly cooled before transference to the cell. This is in agree- 
ment with the observation of Dubos (8) on the reducing power of 
sterile media for dyes. A positive drift in potential from a few milli- 
volts to 0.040 volt has usually been observed be^nning shortly after 
measurements were started, and lasting for 2 to 3 hours; it may be 
related to the equilibration of the freshly autoclaved bouillon with 
the air. Within 3 to 6 houm after inoculation there has been observed 
regularly a gradual decline in potential followed shortly by an abrupt 
drop to —0.040 to —0.070 volt, and a slower fall to —0.080 to 
—0.090 volt. This level is maintained for several hours and appears 
to represent an equilibrium value for the culture during its youth. 
It was not possible, as will be described later, to make frequent sam- 
plings of the culture because of the change in potential which these 
involved, but it is evident from the form of the growth curve in these 
and in other observations that the culture has passed through its lag 
period and is in the period of logarithmic increase in numbers of badUi 
during the time when this level of potential is maintained. The poten- 
tials then undergo a further gradual decline and after 24 hours have 
been found very dose to -0.125 volt. In one experiment in which 
observations were made over a longer period of incubation this decline 
continued and at the end of 53 hours the potential reached the value 
of —0.145, volt. 

The time-potential curve of an aerobic culture during the first 24 
hours of growth may thus be divided into 4 portions : (1) the potentials 
are dose and slightly positive to the initial values; (2) a decline, in 
part abrupt, to -0.080 or -0.090 volt; (3) a period in wHch the 
potentials are maintained at this level; (4) a gradual decline to more 
negative values continuing over a period of several da^'s. 

It seems highly probable that the presence of oxygen in the culture 
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^ is of primary importance in the establislunent of the potentials, and 
the following explanation has been evolved. In the first portion of 
the time-potential curve, the small numbers of bacteria introduced as 
inoculum are without effect on the conditions, wliich are such as to 
permit the solution of oxyen in the medium. In the second period 
characterized by the rapid decline in potential, the bacteria have begun 
to multiply and in their rapid respiration consume the dissolved oxygen 
of the medium. With logarithmic growth of the bacteria their respira- 
tion becomes suflicient to consume the oxygen more rapidly than it 
can dissolve into the medium, if the surface of the latter is undisturbed, 
and the actual concentration of o.xygen in the system is reduced to a 
very low value. The potential at the electrode then shows a negative 
drift just as in sterile bouillon on removal of oxygen by deaeration, 
and the potential attained is the same as that found in sterile bouillon 
under anaerobic conditions. 

In the earlier work the equilibrium potential of several specimens of 
sterile bouillon was found to be —0.060 volt. Different specimens 
vary somewhat in the value of the reduction potential under anaerobic 
conditions. Separate determinations have been made of the reduc- 
tion potentials of the bouillon used in the present investigation, in the 
sterile condition; the values found are somewhat more negative than 
those previously reported and have fallen between — 0.0S5 and 
—0.095 volt. Removal of oxygen by the respiration of the bacteria is 
thus sufficient to explain the attainment of this level of reduction 
potential in a growing culture. 

That removal of oxygen and not the elaboration of reductive prod- 
ucts by the bacteria is responsible for reduction potentials of tiffs 
intensity in bouillon is indicated by the immediate response of the 
electrode to small amounts of oxygen. If a few bubbles of air or of 
pure oxygen are allowed to pass through the culture the potentials at 
once slffft in the direction of more positive values, and if aeration is 
continued there is a return to the neighborhood of the initial values, or 
about Eh 4-0.200. On stopping the ffow of oxygen there is observed 
again a negative drift which is more rapid than the initial fall that is 
observed when the culture contains smaller numbers of living bacteria. 
When small portions of the culture are withdrawn tlurough the bottom 
outlet of the cell, the disturbance of the culture is apparently sufficient 
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to increase the rate at which oxygen is dissolved, since the potentials 
show a positive shift of 0.050 to 0.100 volt. This phenomenon is 
observed only when oxj'gen is available for solution by the culture 
medium, and does not occur when the medium has been deaerated and 
the space above the bouillon contains nitrogen. 

During the third portion of the time-potential curv'e the potential 
is maintdned at the value characteristic of the sterile bouillon under 
anaerobic conditions. The duration of this period is uncertain; it 
appears to be several hours but probably does not exceed 18 hours 
from the time of inoculation of the culture. The uncertainty is due 
to the fact that even in bouillon to which dextrose has not been added 
there is observed an increase in acidity at the end of 24 hours of 0.2 
to 0.3 pH, and the true potentials can be obtained only by a correction 
of the observed potentials for the change in pH. Frequent sampling 
for the purpose of following the course of the pH was impossible, be- 
cause of the eSect on the potentials which has been described above. 
For the same reason it was not possible to follow the growth cur\'e 
closely during this period. It is known, however, that the growth 
curr’^e of aerobic cultures of B. typhosus becomes flattened after about 
18 hours of incubation and the rate of dying of the bacteria begins to 
approach the rate of multiplication. It is highly probable that auto- 
lytic processes occur at this time and liberate products of bacterial 
metabolism into the culture medium. The gradual fall in potential 
from about —0.085 volt to values between —0.125 and —0.145 volt 
which takes place following the brief period of maintained low poten- 
tial maj'- be regarded as a consequence of this autolysis and as evidence 
of the reductive natrue of the substances set free. The data do not 
permit further characterization of these products; the potentials for 
which they appear to be responsible are considerably more negative 
than those observed in the bouillon when maintained in the sterile 
condition. 

It was anticipated that the addition of dextrose to the bouillon 
would result in the attainment of more negative potentials by the 
culture than in a medium without added sugar.- This proved not to 

* The sterile boufflon used in these e-xperiments gave the same equilibrium po- 
tential (-0.085 to -0.095 volt) under anaerobiosis when dextrose was added, in 
the roarer described above, to 0.5 per cent concentration as when dextrose was 
not added. 
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be the case. Cultures in 0.5 per cent dextrose bouillon given access to 
a fixed amount of air yielded time-potential curves very similar to those 
described above, if correction is made for the shift in pH occasioned by 



Fig. 2. The upper curve gives tlie potentials of B, typhosus in 0.5 per cent dex- 
trose bouillon. The broken line shows the observed potentials, the solid line the 
potentials corrected for the change in pH. The positive shift occasioned by samp- 
ling of the culture is indicated. The curve of observed potentials represented in 
part by the broken line was drawn by the recording potentiometer; the expen- 
mental points represent values checked b}^ the more sensitive galvanometer. The 
solid line gives the potentials as corrected for change in pH. The middle curve 
gives the approximate course of the pH during incubation. The lower curve 
gives the approximate growth curve. The culture tliroughout incubation had 
access to atmospheric oxygen. 
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add fermentation. The same effects on the potentials were produced 
by the admission of air into the culture either deliberately, or ind- 
dentaiiy to the disturbance occasioned by sampling, so that the course 
of reduction potentials and the hydrogen ion concentration could not 
be followed simultaneously. A typical e.xperiment is shown in Fig. 
2. The broken line of the potential curves represents the potentials 
actually observed; the solid line gives the corrected potentials. The 
correction of —0.061 volt per unit pH has been applied, on the as- 
sumption that no critical points of ionization are uncovered within 
the range of pH encoimtered. The potentials show the same rapid 
drop to more negative values after 6 to 8 hours incubation as in the 
cultures without added dextrose. The subsequent course of the 
observed potentials is variable, and in the lack of knowledge regarding 
the changes in pH, the course of the true or corrected reduction po- 
tentials is uncertain. In the experiment recorded in Fig. 2, the pH at 
the end of 8 hours incubation was 6.6 and the corrected potential was 
—0.085 volt, which is the value observed at the corresponding period 
in cultures in which acid fermentation did not occur. At this time 
the pH of the culture in this e.xperiment was restored to its original 
value of 7.6 by addition of NaOH. At the end of 22 hours incuba- 
tion, continued acid production had reduced the pH to 6.7 and the 
corrected reduction potential was —0.165 volt. This value is 0.040 
volt more negative than that observed in cultures without dextrose 
after the same period of incubation; it suggests that with the increased 
“turn-over” of bacteria in the pr^ence of de.xtrose (although the 
numbers of viable bacteria at any time are no greater than in culture 
medium without dextrose) a larger amount of reductive substance is 
liberated from the typhoid bacilli. 

The experiments which have been described above indicate that 
the conditions within an actively growing culture of typhoid bacillus 
in bouillon are essentially anaerobic, even when the culture has access 
to atmospheric oxygen. The oxygen which is constantly being ab- 
sorbed by the culture has an effect on the rate of growth of the badlli 
as is shown by experiments which will be reported later, but the 
actual concentration of oxygen within the medium must be very 
small. In order to observe the course of the potentials when oxygen 
is present in high concentration, an experiment was carried out in 
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wliich pure oxygen was allowed to bubble through the medium during 
the period of incubation. The result is shown in Fig. 3, in which the 
growth curve, and the changes in pFI as well as the reduction potentials 
are recorded. The medium contained 0.5 per cent dextrose. Passage 



Fig. 3. TJie upper curve gives the potentials of B. lypitosus in 0.5 per cent 
dextrose bouillon. Oxygen was passed through tlie culture from the time that 
the early negative drift was observed. The interrupted line represents tlie ob- 
served potentials, the solid line the potentials corrected for change in pH, which 
is shown in the middle curve. The lower curve represents tlie growth curve of the 
bacteria. 

of oxygen through the culture was started immediately after the first 
rapid fall in potential, described above, had begun. The saturation of 
the medium with oxygen led to an immediate return of the reduction 
potentials to the initial values. The observed potentials then show a 
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gradual positive drift; wlien corrected for the change in pH, a shift to 
values more positive than those at the beginning of measurement is 
still evident, although the magnitude of the shift is smaller. The 
reduction potentials vrere maintained at a highly positive level 
throughout 50 hours of incubation. During the first 20 hours of 
growth the pH shifted from 7.6 to 6.6; the change is less than is ob- 
served in cultures which were not aerated. At the same time the 
numbers of viable bacteria increased enormously. The relations of 
the o-vygen tension to rate of growth and character of metabolism are 
being made the subject of a separate investigation which will be 
reported later. In the present connection it is significant that in 
spite of the enormous numbers of living bacteria, there are not pro- 
duced reductive substances capable of establishing in the presence of 
oxygen reduction potentials negative to those of the culture bouillon 
itself under like conditions. THs is not what we should expect if 
molecular oxygen is inert with respect to reductive substances of 
bacterial origin. Deaeration at the end of 50 hours incubation, dur- 
ing which saturation of the medium with oxj’gen had been maintained, 
led to a rapid drop in reduction potential similar to that observed in 
cultures which had not been aerated. The equilibrium potential 
corrected for the shift in pH to 6.4, was ~ 0.080 volt; this is very close 
to that observed in the sterile bouillon imder anaerobic conditions. 
Growth of the typhoid bacillus in a high concentration of o.xygen 
appears not to lead to the production of substances of greater 
reducing intensity than those present in the medium before inocula- 
tion; in growth rmder very low oxygen concentration such substances 
apparently are produced and are liberated into the medium. Turther 
investigation is required to establish the relation between the char- 
acter of bacterial metabolism, with respect to the processes of respira- 
tion and fermentation, and the elaboration of reductive substances. 

DISCUSSION AND SUilMARV, 

The reducing properties manifested by bacterial cultures must be 
regarded as only one phase of a series of processes that come within 
the scope of the concept of oxidation-reduction phenomena. The 
importance of such processes is suggested in many phases of the metab- 
oHsm of living ceUs, as in the accumulation of carbohydrate within 
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the cell, and the elaboration of other readily oxidized substances such 
as the hemotoxins studied recently by Neill (9). In these cases the 
energy of the living cell transforms substances in a state of relatively 
high oxidation into bodies that are in a condition of low oxidation. 
Conversely in respiration, as in the familiar oxygen-carbon dioxide 
exchange, a change in the condition of oxidation of carbon takes place 
in the opposite direction. 

The scope of this concept is therefore very broad and includes other 
processes than the reduction of dyes and other substances such as 
nitrates and sulfhydryl bodies. Some definite aspect of the general 
■problem must be chosen in order to bring the subject within the range 
of experiment. In the present series of investigations attention is 
centered upon those processes of oxidation and reduction which in- 
volve electromotively active substances, and are therefore subject to 
electrical measurement. 

In the present paper the oxidation-reduction potentials jfielded by 
cultures of the typhoid bacillus have been observed under the condi- 
tions wliich prevail in the usual aerobic culture in bouillon. Compari- 
son of these potentials with those given by the culture medium in the 
sterile condition indicates that the living bacteria do not contribute 
the substances winch are responsible for the observed potentials. On 
the other hand the respiratory consumption of oxj'^gen by the typhoid ’ 
bacillus appears to render possible the manifestation of characteristic 
potentials by the culture medium. Such potentials become apparent 
only when oxygen is removed from the system, and the r61e of the 
bacteria is the establishment of the anaerobic state. 

The potentials of cultures in which the anaerobic condition was 
maintained from the beginning by artificial means will be reported in 
a later paper, but it may be said here that the potentials of such cul- 
tures confirm the idea of the importance of bacterial respiration in 
establishing a condition of anaerobiosis in cultures given access to air. 
The anaerobic cultures develop potentials of the same value as those 
in which oxygen is available, but attain the level characteristic of the 
culture medium more rapidly. 

Tills point of view is opposed to that wliich regards the potentials 
of bacterial cultures as a manifestation of reductive substances liber- 
ated by the bacteria. Since the potentials given by cultures in the 
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early part of their growth indicate only the level of reduction intensity 
which the sterile medium may attain, evidence is wanting from this 
source for the existence of such bacterial products. 

In the later stages of growth when the rate of dying of the bacteria 
approaches the rate of multiplication, the potentials of cultures indi- 
cate a level of reduction intensity more negative than that of the cul- 
ture medium itself. No attempt has been made to work out the 
exact relations between the growth cur\'e of the bacillus and the re- 
duction potentials since this would involve the detailed investigation 
proposed by Clark (3). It is certain however that reductive bodies 
are produced and stored within the cell, as is shown by the reduction 
of indicators within the living ameba in the experiments of Cohen, 
Chambers, and Reznikoff (10). The dissolution of cells which must 
occur in bacterial cultures that have passed the peak of the growth 
curve would be expected to liberate such reductive substances; if 
their oxidation is prevented, as in the anaerobic condition which 
results from r^piration of the bacteria, and if in addition the sub- 
stances are- electromotively active, their presence might be indicated 
by change in the reduction potentials. 

It seems possible from consideration of the potentials of cystdne 
stuched by jMichaelis and Flexner (6) that among the substances 
liberated on dissolution of the bacteria are products similar in nature 
to those already present in the culture medium, so that the more 
negative potentials may result from an increase in the concentration 
of an electromotively active substance. Other reductive products 
may be liberated, but nothing can be said at the present time as to 
their effect on the electrode potentials. 

If the substances responsible for reduction potentials more negative 
than those of the cultme medium itself were secreted during growth 
of the bacteria, rather than liberated by thdr dissolution, we should 
expect that their effect on the potentials would be observed during 
the youth of the culture. The gradual negative drift to values 0.040 
to O.OSO volt more negative than those of the sterile bouillon which is 
obserVi^ed in cultures after several days incubation mdicates that dis- 
tinct reductive phenomena are associated with the declining portion 
of the growth curve, in which death of the cells predominates over 
multiplication. 
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Tlie failure to attain reduction potentials in cultures saturated 
with oxygen as negative as those given by cultures wliich were allowed 
to develop an anaerobic state may be due to the oxidation of any 
highly reductive bodies winch had been liberated. On the other 
hand, the enormous numbers of living bacteria in the oxygenated 
culture suggest that there may be a less rapid “turn-over,” and con- 
sequently a less e.xtensive dissolution of bacterial cells in such cultures 
than in those provided with a less abundant supply of oxygen. 

The behavior of the typhoid bacillus in the establishment of reduc- 
tion potentials does not of course permit inference to be drawn as to 
the behavior of other bacterial species. The observations of Clark 
(3) show that different species run different courses of potential. It 
is probable however that any microorganism capable of consuming 
oxygen as completely as the tjqjhoid bacillus would bring about in 
bouillon the establishment of potentials as negative as those yielded 
by the medium itself under anaerobic conditions, unless there is 
involved an oxidative mechanism which is not evident in the case of 
B. typhosus. 

CONCLUSIONS. 

1. The reduction potentials of B. typhosus in culture in bouillon 
which is given access to atmospheric oxygen show a negative drift 
that attains the values found in sterile bouillon when deaerated with 
nitrogen: Eh —0.085 to —0.095 volt at pH 7.6. The potential 
reaches this level after 6 to 8 hours incubation, and is maintained at 
this point for several hours. A slow decline to more negative values 
is then observed and continues for at least 48 hours, when a potential 
of —0.145 volt may be attained. 

2. The bacteria influence the potentials in the first period of their 
growth by exhaustion of oxygen from the culture, thus permitting 
the characteristic potential of the culture medium to become manifest, 
and do not contribute the substances responsible for the observed 
potentials. The decline in potential to values more negative than 
those of the culture medium occurs during the time that the rate of 
dying of the bacteria approaches and exceeds the rate of multiplica- 
tion; it is suggested that dissolution of bacteria liberates reductive 
substances. 



CALVIN B. COULTER AND MOSES L. IS.V\CS 


725 


3. Cultures in 0.5 per cent dextrose medium show a somewhat more 
negative potential after 18 hours growth than cultures in medium with- 
out dextrose. This may be due to the more rapid ‘Turn-over’’ of the 
bacteria and the liberation of larger amounts of reductive material from 
dissolution of larger numbers of bacteria. 

4. The potential of cultures through which oxygen is passed con- 
tinuously does not show a negative drift at any time. This indicates 
that reductive substances of bacterial origin in the case at least of the 
t>T>hoid bacillus do not influence the electrode potentials in the pres- 
ence of oxygen and confirms the importance of bacterial respiration as 
the means for the removal of oxygen and the consequent establish- 
ment of characteristic reduction potentials in cultures. 
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STUDIES ON THE PRECIPITABLE SUBSTANCES OF BACILLI 
OF THE SALMONELLA GROUP. 


By J. akd E, LANDSTEINER, M.O. 

{From the Laboratories of The Rochf^eUcr Institute for Medical Research.) 

(Received for publication, January 9, 1929.) 

In earlier conununications vre (1) have described precipitable sub- 
stances, probably of carbohydrate nature, isolated from B. typhosus, 
paralyphosits B, and entcriiidis, and two antigenic protein preparations 
obtained from 3. typhosus. These studies have also been extended to 
the main serological types of the Salmonella group of organisms. 

For a general review of the subject we refer to the communicatioiis by P . Bruce 
White (2), Kmmwiede, Cooper, and Provost (3), TuUoch (4), and to the references 
given in our earlier papers. 

We would however like to mention several recent publications. Thus Happold 
(5) described a precipitable substance obtained from B. aertryche which he con- 
sidered to be of protein nature and “to be identical with the antigen which stimu- 
lates the production of agglutinins to a heat'Stable antigenic form of the organism.” 
Ecker and Rimington (6) report obtaining from B. aerirycke a carbohydrate con- 
taining material possessing toxic properties; while Wliite (7) states that he has 
extracted a soluble specific substance from B. aerirycke similar to the specific 
soluble substances of Avery and Heidelberger. The precipitable solution obtained 
was acted upon by the sera of jB. aerirycke and paratyphosus B but not by those of 
B. Ficu:pDri and suipesiifcr. \Miite*s paper contains a full discussion of the 
serological properties of the rough B. aerirycke strains. Casper (8) prepared from 
B. paralyphosm B a carbohydrate containing substance which reacted with sera 
for B. paralyphosits B, B. and B. iyphi murium, to a lesser degree 

with sera for B. entcrilidis Gartner, but not with sidpeslijer serum. A report 
on the carbohydrate and protein fractions of B. typhosus was made by Heidel- 
berger, Shwartzman, and Cohn (9). 

Preparation of the Crude Precipitable Carbohydrate Substances. — Tfhtta methods 
were employed for the preparation of the crude substances: 

1. Extraction by alkalme hj^jochlorite solution: Badlli grown on agarfor48 
hours were taken up in 0.9 per cent sodium chloride solution, and alkaline hypo- 
chlorite solution W'as added in a quantity sufficient to dissolve the bacteria at 
about 30'^C. ^ The solution was chilled and cold 95 per cent alcohol added until a 
hea\T precipitate was formed carrying down most of the active substance. This 



TABLE I. 
Precipiiation Tests. 
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To 0.1 cc. of the antigen solution 0.05 cc. immune serum and 0.05 cc. physiological salt solution were added. The reactions 
were read after 2 hours at room temperature (Column 1) and after standing overnight in the ice box (Column 2) 

Ihe immune sera were obtained by injections of rabbits with heated bacilli, as stated above. 

+ u reactions were negative with the substance of B. typhosus. 

T With some other sera of the same type marked reactions were obtained with the substance of B. Newport. 
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precipitate %\as dissolved in water, and, after removal of some insoluble material, 
was repredpitated with 95 per cent alcohol. After washing with 95 per cent 
alcohol, absolute alcohol, and ether, it was dried in lacuo. 

2. Extraction vdih saline solution: Badlli grown on agar for 48 hours were 
taken up in 0.9 per cent sodium chloride solution, centrifuged,^ the sediment 
washedwith 95percent alcohol, and extracted with boiling 95 per cent, andabsolute, 
alcohol. After filtration on a hot water funnel the badllitr>' mass was heated in 
the steam bath tw'o or three times with 0.9 per cent sodium chloride solution for I 
to 2 hours and the extract separated each time by centrifuging. ^luch of the 
protein was removed by addition of hydrochloric add in an amount sufiident to 
produce maximum predpitation and the fraction w'as repredpitated to recover 
some of the active non-protein substance; the joint mother liquids were then 
predpitated with alcohol after addition of 1/20 volume of normal sodium hy- 
droxide. The further redissohdng, removal of insoluble material, repredpitation, 
and dr>*ing of the preparation w ere done as described above. 

3. Extraction by autoda\dng and subsequent tn*ptic digestion (cf. Goebel 
and Aver>’ (It))) : Agar cultures were washed ofi and were autoclaved for 20 minutes 
and digested overnight with purified tij-psin solution (Goebel and Avery) at 37®C. 
The subsequent alcohol predpitation, removal of insoluble material, repredpita- 
tion, and doing of the substance were carried out in the manner given. 

Cultures . — Besides our laboratory' strains the following cultures obtained through 
the courtesy of the National Collection of Ty'pe Cultures, London,- were used: 
B. paratyphosus B, Tidy No, 14; tj'pe Stanley^ No, 92; ty'pe Reading, No. 72; 
ty'pe Dcrby\ No, 1729; ty'pe Ncicport^ No, 129; ty'pe Bog cholera. No, 356; B, 
enteritidis, Gartner, No. 127; B. aborlko-equinus, No, 766; and B. oerlrycke.^ 
They were plated on agar and colonies showing homogeneous growth in broth 
were selected. 

Immta:e Sera , — Unless otherwise stated, immime sera were prepared by W'eekly 
injections of rabbits with about 1/10 to 1/20 of 24 hour agar slant cultures heated 
to 62-65®C. for 40 minutes. Immune sera prepared with various strains of the 
same type, e g. 8, iypkostts, showed considerable variations in their capadty to 
precipitate the carbohydrate preparations. 

Precipitin Reactions of the Cariohydrates and Their Parallelism to the 
“Small Flaking” Agglutination. — Precipitin reactions 'witii the purified 
specific substances (see page 737) are presented in Table I. The 
crude substances bad a lower titer but showed in cross-tests almost the 

‘ In a control experiment the bacillary mass was washed several times with 
saline solution. 

2 We are indebted to Dr. R. St. John-Brooks, Curator of the National Collection 
of Ty'pe Cultures, London, for supplying us with the cultures mentioned. 

^ The numbers correspond to those given in the catalogue of the collection. 
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same range of specificity as purified preparations, no matter which of 
the methods described was employed. 

It is seen that the strains can be divided roughly into three groups 
within which the strongest cross-reactions occur. The first group 
consists of typhosus and B. entcritidis, the second of B. paratyphosus 


TABLE n.* 


Typhosus 

Enlcritidis 

Paratyphosus B 

Dtrhyt Rtadint^ 
ahortivo-equinus 

Newport 

Bos cholera 

ni, (x),8 

III, 8 

i,n,7,8 

II, 7, 8 

W, W, 7 

V,VI 


* Roman numerals are used by White to designate salient components, Arabic 
numerals for tliose of minor development. 


TABLE in. 


Absorption Tests with Ivnmmc Scrum for B. typhosus. 


Dilution of the 
carbohydrates , 

Serum, unabsorbed 

Serum absorbed with alcohobtreated 

B. entcritidis 

Precipitation tests with the carbohydrate of B. typhosus 
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Agglutination tests with B. typhosus (suspension preserved with chloroform) 


+++ 

+++ 

1 

+++ 


H — 1“+ 

+++ 

++ 

++ 


-fd- 

-b-b 

-b± 

+± 


+ 

' -b 

db 

tr. 


0 

1 tr. 

0 

0 


The reactions were read after hours at room temperature (Column 1) and 
after standing overnight in the ice box (Column 2). 


B, and B. Derby, and the third of B. Newport and B. hog cholera. 
Additional tests with crude preparations, not included in Table I, 
showed that the substances and sera of B. Stanley, B. Reading, and 
B. ahortivo-equinus reacted like those of B. paratyphosus B. 

A comparison of these results with the agglutinin reactions of the 
“stable agglutinogens” suggested itself. The distribution of the 
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agglutinable factors underl 3 dng the “small flaking” agglutination is 
summarized, according to White, in the scheme shown in Table II. 

On comparing this scheme with the precipitin reactions an ap- 
proidmate correspondence between the stable agglutinogens and the 
precipitable carbohydrates appears (see White). 

This relation is also illustrated by the following observations (Table 
m): An immune serum for B. typhosus was absorbed with alcohol- 
treated B. enleritidis and tested for precipitins and agglutinins to B. 
typhosus. Since the “stable” alcohol-resistant agglutinogens of B. 


TABLE IV. 

Absorption Experiments, 


nfluUon 
o! the 
predpi- 
table 
aubstancc 

Predpitabte 

substance 

Immune serum 
lor B. enieritidis 

Precipitable 

substance 

Immune serum 
for B. Nexpert 

Pfcdpitable 

substance 

Immune scrum 
lor S. hot cholera 

TJnab- 

sorbed 

Ab- 

sorbed 

with 

B, 

typhoziis 

B 

Unab- 

sorbed 

Ab- 

sorbed 

with 

B, hot 
cholera 

Unab- 

sorbed 

Ab- 

sorbed 

with 

B. 

KesPort 

2,000 

Enteriiidis 

-k-b-k 

-k-k-k 

NeiPport 

-k-k"k 

-k-k-k 

Bog 

-k“k4- 

-f-k-f 

20,000! 



-k-k+ 



-f-fei: 

cholera 

+++ 

-f-f-f 

200,000 





-k 

-k 


-k-kdr 

“k-k=t 

2,000 

Faraty- 



Bog 

-k-k 

0 

Nrj^Port 

+ 


20,000 

► phosus B 

“k-k-k 


cholera 

4-k-k 

0 




200, OOC 

»1 

+dz 

0 

! 

•k-kdr 

0 


tr. i 

0 


The immune sera were absorbed with badllary suspenaons hept in alcohol and 
washed once with saline solution. 


iyphostis and B, a.re supposed to be very sixoHaT it “was to be 

expected that by the exhaustion with alcohol-treated J5. enieriiidis 
the precipitins would be removed but not the 'large flaking'’ ag- 
glutinins. The result of the experiment bore out this assumption. 

In contrast with the absence of precipitating action of fluids with 
large flaking agglutinins of high titer {cf. Heidelberger, Shwartzman, 
and Cohn) are instances in which immune sera with a relatively low 
agglutinin content, mainly of the small flaking type, precipitated in- 
tensely the carbohydrate solutions. Such sera were prepared by the 
method of Douglas and Fleming (1). 
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Some discrepancies will be noted such as the absence of precipitin 
reactions of certain B. paratyplwsus B sera on the substances of B. 
Newport (factor 7) and B. typhosus (factor 8), and the lack of pre- 
cipitating capacity of most of the hog cholera sera for the substance 
derived from the strain Ncioport (factor VI). Since in these combina- 
tions some of the sera give positive reactions one may assume that the 
precipitable substances do not lack the properties in question. An 
explanation may perhaps be seen in the observation that the agglutinin 
reactions with alcohol-treated bacilli were comparatively weak in 


TABLE V. 


PrecipUabIc substance 

■ - - - — 

Dilution 

Immune scrum for paralyphosus B 

Unabsorbed, diluted 

Absorbed with 

B. Readiu^, diluted 

1:2 

1:8 

1:32 

1:2 

1:8 

Paralyphosus B, not treated 


+++ 

+++ 

+ 

++++ 

+++ 

with alkali 


+± 

++ 

+-b 

-i-+ 

-1-1- 

1 

500,000 



tr. 

db 

— 

1 

Paralyphosus B, treated i 


++ 


tr. 

0 

— 

with alkali 

50,000 

+ 

+ 

0 

0 

— 


500,000 

f. tr. 

0 

0 

1 

0 

— 

Reading (treated with alkali) 


+++ 

++ 

tr. 

' 0 

! 



+ + 

-t-± 

1 f. tr. 

i 0 

— 


25,000 

+ 

-f- 

f. tr. 

0 

— 


those instances in wliich precipitation was lacking. However, a 
thorough study of this question was not made. 

In order to determine whether the multiplicity of precipitins cor- 
responds to that of the agglutinins, absorption experiments were made 
in several cases (Table IV). 

On the whole the tests were in agreement with the idea of a multi- 
plicity of precipitins, corresponding to that of agglutinins. A striking 
exception was the following: 

Immune sera for B. paralyphosus B or B. Stanley, when absorbed 
with B. Reading or B. ahortivo-eqtiinus did not precipitate the sub- 
stances prepared from the homologous organisms, although they 
agglutinated the alcohol-treated bacillary suspensions. Search for 
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the nusdng predpltable property (attributable to factor I) revealed 
that it was present in the crude saline extracts, but disappeared after 
treatment with alkali* Substances exhibiting the property were 
prepared as follows: 

Saline extracts obtained from alcohol-extracted bacilli, as described above, vrere 
precipitated alcohol (without the addition of alkali), after previously remov- 
ing the substances precipi table by dilute acid* The precipitate was dissolved in a 
small volume of water, some insoluble material discarded, and 50 per cent tri- 
chloracetic acid added to cause optimal precipitation* The unneutralized mother 
liquid containing most of the active substance was then predpitated with an excess 
of 95 per cent alcohol and dried after washing several times vrith 95 per cent 
alcohol, absolute alcohol, and ether. 

Table V indicates that immune sera fox B. paralyphosm B (or B. 
Stanley) contain a fraction of antibodies directed towards the alkali- 
labile property I. After absorption with B- Reading the immune 
serum for B. parafyphosus B stiU precipitates the substances derived 
from this bacillus but no longer acts on the substance from B, para- 
iypJwsiis B after treatment with alkali. That this effect is not due to a 
diminution of one single antibody was shown by tests with diluted 
immune serum. 

The reactivity of the substance was not altered by peptic and 
tryptic digestion at a pH not in itself injurious. It was not destroyed 
by treatment for 1 hour at room temperature, with normal hydro- 
chloric acid, but it did not withstand imder the same conditions the 
action of 0.01 normal sodium hydroxide (Table VI). 

A preli m inary investigation was made of the carbohydrates of 
“rough” strains of B. paraiyphostis B and B. aerirycke. According 
to several authors such strains may contain special antigenic 
components. In view of these statements we prepared precipitable 
substances from “rough” strains by the method of dissolving the 
bacilli in alkaline hypochlorite solution (see page 72 7) . The substance 
prepared from J5. aerlrycke “R” and purified as described below proved 
to contain large amounts of carbohydrates not fmlher investigated. 
In predpitation tests (Table VH) the “R” substances reacted specific- 
ally with the immune serum to the “R” strains whereas the cor- 
responding “S” preparations reacted also to “R” immune sera. It is 
imcertain whether the interaction can be explmned by the presence of 
“R” forms in the “S” strains. 
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Attempts to Fractionate the Prccipitahle Substa^iccs by Means of 
Precipitins. — The resistance 9f the specific precipitable substances to 
the action of alkali seemed to offer a way of ascertaining whether the 
various serological properties of these substances are due to different 


TABLE VI. 

Precipitin Tests Showing the Effect of Acid^ Alkali^ Peptic^ and Tryptic Digestion on 

Factor I of B. paratyphosns B. 


Dilution of 1 
the 

precipitable 
substance | 

Control I 

0.01 N ' 
NaOH j 

nHCI 

Peptic 
digestion | 

Control II 

To'ptic 

digestion 

Tryptic 

digestion 

II 

Control 

HI 

5,000 

100,000 

++++ 

+ 

0 1 
0 1 

+++ 

+++ 

+ 

+++ 

+± 

~} — f-+ 
+ 

0 

0 

o o 


To 0.1 cc. of the precipitable substance, 0.1 cc, of an antibody solution for 
factor I (immune serum to B, paratyphosns B absorbed with suspensions of B. 
Reading was added. 

Control I: untreated precipitable substance. 

Control II: 0,5 cc, of a 1 per cent solution of the substance, 0.05 cc. n HCI, 
0.45 cc, water; kept at 37® for 24 hours. 

Control III: 0.5 cc. of a 1 per cent solution of the substance, 0.2 cc. of a 
1 per cent solution of NaoCO^, 0.8 cc, water; kept at 37® for 24 hours. 

Peptic digestion: 0.5 cc. of a 1 per cent solution of the substance, 0.05 cc. N 
HCI, 0.1 cc. of a 0.2 per cent pepsin solution, 0.35 cc. water; kept at 37® 
for 24 hours. 

Tryptic digestion I: 0.5 cc. of a 1 per cent solution of the^ substance, 0.5 cc. 
of a 1 per cent trypsin solution, 0.05 cc. 1 per cent Na 2 C 03 , 0 .45 cc. water; 
kept at 37® for 24 hours. 

Tryptic digestion 11: 0.5 cc. of a 1 per cent solution of the substance, 0.5 cc. 
of a 1 per cent trypsin solution, 0.2 cc. 1 per cent NasCO^, 0.3 cc. water; 
kept at 37® for 24 hours. 

For the treatment with acid and alkali a 2 per cent solution of the substance 
was mixed with an equal volume of 0.02 n NaOH or 2 n HCI respectively and 
the tests kept for 1 hour at room temperature. 

separable portions. Accordingly attempts were made to fractionate 
the precipitable substances in a manner analogous to the usual 
absorption experiments with immune sera. 

By suitable exhaustion with heterologous bacilli fractions of immune 
sera were prepared acting only on part of the supposed precipitable 
factors. The precipitates produced were washed twice with saline 
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jolution and boiled for a few seconds with a small quantity of 0.1 
aonnal sodium hydroxide solution, the solutions obtained being 
neutralized and centrifuged. 

WTien such solutions were tested with various antibodies they 
behaved like the original predpitable substance and not like quali- 
tatively different fractions thereof.* With the procedure described no 
difficulty was encountered in separating predpitable substances of two 
different strains of badlli after their solution had been mixed. It was 

TABLE vn. 


Predpifaiion Test, 


Iimnanc serum ot Bacillus 

Acrtryclc "S” 

AatrycU'^^' 

Tcrzluphotus 

B “S” 

BaralyPhaivs 

Predpitable substance 

Dilutions 









Acrtryche “S” 

2,000 


'b4““b 

-hi 

++i 

4-dn 

"44: 


4-k+ 




++ 


++ 

4- 

4-4 

tr. 

4- 



d: 


f. tr. 

4- 


4-4: 

0 

tr. 



0 

0 

0 

0 

0 

0 

0 

0 

Aerirycke "R” 

2,000 

0 

0 

+i 

++± 

0 

0 

-4-4 

-44-i 



0 

0 

0 

0 

0 

0 

tr. 

+ 

Paraiypkosus B 

2,000 

+++ 

4- 4" 4' 

4-4- 

4 — 

4- 

4-4- 

4-4- 

-4-4 

«S»i 


-f-f 

*1 — 

4- 

4-4- ' 

! 

4-4- 

tr. 

-44= 

Paratyphosus B 



0 

4-4* 

4-4-4- 

1 

0 

0 

4-4-4 

-4-44* 


\ 20,00C 

0 

i 0 

-44- 

,4-4-4- 

0 

0 


4-4-=i= 


Reactions read after 2 hours (Column 1) and after standing overnight 
(Column 2). 


thought hovrever that in these control experiments the mixture of the 
substances might not have been as intimate as that of the hypothetical 
fractions in the predpitable carbohydrates derived from one organism. 
We attempted therefore to separate by the same method predpi- 
table substances after their solutions had been mixed, boiled, precipi- 
tated ndth alcohol, and dried in the usual manner. 

* The results were the same in experiments aiming at the separation of Pactors I 
pd n of the predpitable substances of B. paratypJiosus B. In this instance, 
instead of alkali, dilute add was used for decomposing the predpitate. 
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In these tests a considerable amount of carbohydrate was earned 
down non-specificaUy by the heterologous serum. The possibility 
that this e5ect was caused by imperfect solution of the rakture of 
precipitable substances led to the following modification of the experi- 
ment. The dried mixture obtained as before was dissolved in 0.1 
normal sodium hydroxide, boiled for 1 hour, and neutralized. In 
this way again by specific precipitation an almost complete separation 
could be brought about. 

In the following experiment this method was applied to the separa- 
tion of fractions of single precipitable substances (Table VTII), 

The experiment shows that while the two substances mixed together 
could be separated, apparently no fractionation of either of them was 
accomplished. 

An analogous experiment was carried out with the substance of 
B. Newport and with the sera to B. sinpesiifer (factor VI), B. paraiy- 
phosHs B (factor 7), and B. Newport^ after exhaustion with B. snipes- 
tifer and B. paraiyphostis B (factor IV). Comparing factors IV and 
VI the results resembled those just reported; the substance however 
precipitated by paraiyphosns B serum gave a considerably stronger 
reaction with this serum than with the hog cholera serum. Conversely 
the solution obtained from the precipitate caused by the hog cholera 
serum reacted, like the original substance, more intensely with this 
serum than with B. parotyphosiis B serum. 

Chemical Data on the Precipitable Substances . — Several of the 
substances described were purified to a certain extent by a procedure 
very similar to that used for pneumococcus polysaccharides by 
Avery, Heidelberger, and Goebel (11). 

The crude preparations were dissolved in water, some insoluble 
matter removed, and, after addition of normal sodium hydroxide to a 
concentration of about n/20, the active substance w^as precipitated 
with alcohol. This precipitation was repeated 4 to 6 tim^. Usually 
sodium acetate was added to aid flocculation. Then the solution was 
acidified with hydrochloric acid and precipitated with acidulated 
alcohol, WTien possible the precipitate was made in two steps, the 
first predpitate, containing most of the proteins and much carbo- 
hydrate, was removed by centrifugalxzin^ and the supernatant fluid 
poured into an excess of addulated alcohol. From the iSrst ore- 
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cipitate, rich in proteins, part of the carbohydrate could be recovered 
by repeating tlie procedure. 

The carbohydrate substance was reprecipitated in acid solution 
and dried after washing with alcohol and ether. The solutions were 
kept at low temperature while in acid solution. 

These fractions were soluble in water, strongly reduced Fehling’s 
solution after hydrolysis, and gave faint or negative protein reactions, 
particularly no precipitate with tannic acid or uranyl nitrate. The 
purified substance of B. typhosus, unlike the crude preparation, was 
not precipitated by barium hydro.vide. 

On analysis, the figures for the N content of the substances prepared 
from B. typhosus, B. cnteriiidis, B. paralyphosus B, B. Derby, B. 
Ncivport, and B. hog cholera, varied from 0.5 per cent to 1.4 per cent. 
The values for [a]® were as follows: B. typhosus, +103; B. cutcritidis, 
+95; B. paralyphosus B, +94; B. Derby, +76; B. Ncivport, +75; 
B. hog cholera, +48. For the sugar analysis the substances were 
hydrolyzed by heating 1 per cent solutions with an equal volume of 
normal hydrochloric acid in the steam bath for 5 hours, and the sugar 
content was determined by reduction of Fehling’s solution. It was 
not established whether the time chosen was sufficient for complete 
hydrolysis. The values obtained were between 63 per cent and 74 
per cent (calculated as glucose) for the six strains mentioned. Dur- 
ing hydrolysis with acid some insoluble material, partly soluble in 
alcohol and of acid character, separated from the solutions as in the 
case of the specific substance from V. cholcrse (12). No conclusion 
can be reached as yet whether these products form a part of the pre- 
cipitable substances or are impurities. 

Since it seemed possible that 'the precipitable substances contained 
carbohydrates derived from the agar used for cultivating the bacteria, 
two preparations were made from gelatin cultures of B. typhosus and 
B. paralyphosus grovrn in Blake bottles. They gave the following 
‘figures: B. typhosus, reducing sugar 69.5 per cent, [or]” + 98°; B. 
paralyphosus, reducing sugar 67.3 per cent, [a]° + 99°. It cannot 
be claimed that the substances were obtained in a state of purity and 
therefore all of the figures given are to be considered as preliminary. 

On testing the action of alkali and add it was found that tlie 
predpitable substances were remarkably resistant to alkali but 
readily destroyed by adds. 



1 


739 




740 


BACILLI OF SALMONELLA GROUP 


To a 2 per cent solution of the various preparations an equal volume 
of 2 normal sodium hj’-droxide or 2 normal hydrochloric acid was added 
and the solutions were kept in boihng water. 

It is seen from the experiment (Table IX) that the preparations of 
the lyphostis-paralyphosns group were similar as regards their resistance 
to acid and alkali, with the exception of the hog cholera substance 
which was somewhat more resistant to acid than the other preparations. 
The substances from the other organisms tested, behaved differently. 
Thus the preparation obtained from Proteus Oxig was destroyed by 
alkali as well as by acid, under the conditions of the experiment; the 
Pneumococcus III preparation was resistant to both, whereas the sub- 
stance derived from V. cholerx was less resistant to alkali than the 
Salmonella carbohydrates. The differences found would seem to be 
significant even if one takes in account the variation in the method of 
preparation. 

Observations on the Prccipitable Proteins of B. typhosus. — A predpitable protein 
wasprepared in asimilar manner as the preparationPgO’^/w^wjdescribedpreviously 
(1). The precipitation with alcohol of the extracted substance was omitted but 
after removal of the suspended bacilli by centrifugalizing, the saline extract was 
precipitated with dilute hydrochloric acid, redissolved by addition of a small 
quantity of alkali, filtered through a Berkefeld filter, and reprecipitated with acid. 
The precipitate was dried after washing with alcohol and ether. 

This substance when injected into rabbits induced tlie formation of “large” and 
“small” flaking agglutinins aside from precipitins. Although this would seem to 
point to a relation between the substance P and “large flaking” agglutinogens 
there are observations which do not agree with this assumption. In tlie first 
place tlie titer of the large flaking agglutinins was relatively low in comparison 
with sera obtained with bacillary suspensions, and on prolonged immunization the 
increase of precipitins was not accompanied by a corresponding rise in tlie agglutinin 
titer. Furthermore in an absorption experiment the large flaking agglutinins of 
the sera for Pg were apparently absorbed to a greater extent by t 3 'phoid bacilli 
treated with alcohol than the large flaking agglutinins of common tj^ihoid sera. 

It is as yet difficult to interpret these observations. They may 
possibly be ascribed to the presence in the Ps preparations of a special 
substance responsible for the production of flagellar agglutinins, or to 
some flagellar material perhaps in an altered state which passed the 
filter candles. In this respect attention may be called to the observa- 
tion that bacilli treated with alcohol are no longer agglutinable by large 
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flaking sera althougli they give rise to the formation of large flaking 

agglutinins (13). _ . , v j 

The toxic action of the preparation P 2 , mentioned pre\nously, showed 
considerable variation. One preparation was toxic for rabbits in a 
dose of 0.5 mg. given intravenously. On repeated injections the 
animals tolerated doses up to about 20 mg. These animals as weU as 
those immunized with digested bacilli (14) exhibited a typical Arthus 
phenomenon on intradermal injections of about 1 mg. of P 2 or the 
carbohydrate respectively. In cross-tests the reactions with the 
homologous substances were more pronoimced. (Cf. the experiments 
on anaphylaxis by Tomcsik (15) and Avery and Tillett (16)-) These 
tests were made on a small number of animals and therefore should be 
considered as preliminary. 


DISCUSSION. 

The carbohydrate-containing preparations isolated from the main 
serological types of the Salmonella group gave on analysis figures for 
nitrogen of 0.5 to 1.4 per cent, but they showed only weak or negative 
reactions for proteins. One may assume that their serological activity 
is due to specific carbohydrates, for during purification there was a 
diminution of the nitrogen content and of the protein reactions along 
with an increase in the amount of sugar liberated by hydrolysis and an 
increase of the serological activity. The specific reactivity of the 
preparations to immune sera remained almost unimpaired after heat- 
ing to about lOO'* with normal alkali for 2 hours but was quickly 
destroyed by boiling with normal hydrochloric acid; paralld with the 
disappearance of the serological activity reducing sugar and some 
insoluble material were set free. Aside from these observations the 
assumption that the substances are carbohydrates rests on the analogy 
of the results with those of Avery, Heidelberger, and Goebel {cf. 11). 

The present studies support the view that the specific carbohydrates 
form an essential part -of the “stable'^ agglutinogens of the bacilli 
(White (7)). We failed to establish a relationship to the phenomenon 
of large flaking agglutination. 

The similarity of agglutination and precipitation is also shown by 
absorption experiments, which demonstrate that from one immune 
serum precipitins can be separated which correspond to agglutinin 
fractions {cf. Krumwiede (17)). 
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The explanation of these phenomena so far as the antigens are con- 
cerned is still an open one. The fact that certain antibodies are re- 
moved from an immune serum through successive absorptions and 
others are left behind gives evidence for a multiplicity of antibodies; 
but when the conclusion is drawn from the reaction of certain anti- 
body fractions upon several antigens, that all of the positively react- 
ing antigens contain a definite common substance or one clearly 
defined chemical group, it remains hypothetical so long as the assumed 
different elements have not been separated or established as individual 
structures by chemical methods (see 18). It could also be assumed 
that the phenomena are at least in part brought about by the action of 
one antibody on several antigens whose specific groups are similar 
but not identical (see 19, 4). 

In order to examine the question raised, an attempt was made by 
specific precipitation to separate the carbohydrates into their hypo- 
thetical units. On the whole these experiments did not lead to 
obtaining fractions with different properties; and therefore the 
results did not support the idea of the existence of separable units in 
the single antigens. Indeed it would be desirable also to apply 
chemical methods for the purpose of fractionation of the specific 
carbohydrates. 

A noteworthy difference between the observations reported and the 
results obtained with the carbohydrates of pneumococci b}’" Heidel- 
berger, Avery, and Goebel, is the following; The carbohydrates of the 
three fixed t 3 pes of pneumococci exhibit very marked chemical 
differences in correspondence with their serological diversity. Such 
conspicuous chemical differences have not been found among the 
carbohydrate preparations from the Salmonella group, wliich, al- 
though serologically different, showed no very striking variation in 
sugar content and optical rotation, with perhaps one exception (B. hog 
cholera). 

SUMMARY. 

Specific precipitable substances rich in carbohydrates, containing 
very little protein and small amounts of a material apparently of 
fatty nature, have been prepared from the main serological types 
of the typhoid-paratyphoid groups. The preparations in their present 



J. PUHTH AKD K. lANDSTEINER 


743 


state of purity do not exhibit very pronounced chemical differences 
in spite of serological dissimilarity. In this respect the results differ 
from those observed -with the polysaccharides of pneumococci. 

The specificity of the precipitin reactions of these substances paral- 
lels in a general rvay the so called small flaking agglutination. 

Attempts to separate different fractions from the active substance 
serologically by means of precipitation with antibody solutions were 
on the whole unsuccessful. 

The differences in resistance to the action of acid and alkali were 
found to be characteristic for various specific carbohydrates. 
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the production of partial liver insufficiency 

IN RABBITS. 
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Reasons enough for the existence of the liver are known. A host 
of functions have been ascribed to the organ already. Nevertheless 
the rliniral condition of liver insufficiency is still a riddle. For the 
better understanding of it one must distinguish between fimctions 
which are essentially hepatic and those which can be carried out some- 
where else in the body when the liver fails. 

The recent work on dogs by Mann (1“9) and bis colleagues has 
greatly increased our knowledge of liver functions. But much remains 
to be learned, and the method of these authors is laborious. For this 
reason we venture to submit a simple procedure for inducing extreme 
liver insufficiency in rabbits. 

To approach the problem of liver insufficiency in animals three 
general types of procedure or their combination are available; total 
extirpation, partial ablation, and derangement of the organ by tying 
the bile duct or by chemical injury. The method of total extirpation, 
though it has served most excellently (1-9), stiU leaves much to be 
desired. Death follows the operation so rapidly that scant time re- 
mains for study of its onset. The use of drugs to bring about liver 
derangement is questionable for one must assume that the substance 
employed acts only on the hver parenchyma and not elsewhere as well. 
The evidence for and against these methods has been reviewed by 
Marshall and Rowntree (10) and by Mann (9). 

The employment of partial ablation has also been open to objection. 
Investigators are agreed (9, 11, 12) that the liver possesses a ‘^factor of 
safety” so great that it is well-nigh impossible to remove enough 
parenchyma to produce insufficiency without fatally obstructing the 
portal flow. Workers partially ablating the liver in dogs and rats 
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have found this difficulty insurmountable (9, 11, 13). In the rabbit 
our efforts have led to success. One can remove slightly more than 90 
per cent of the animal’s liver without untoward obstruction to the 
portal blood flow, with result in an extreme degree of hepatic insuffi- 
ciency. The animals unless treated succumb in 12 to 18 hours, 
with convulsions and low blood sugar. If given glucose they live for 
var 3 dng periods up to 5 days, eventually dying with symptoms like 
those e.xliibited by dogs deprived of the entire liver (2, 9). For a 
study of the problems of liver insufficiency the method presents many 
advantages. Not the least of these is the ease of the ablation. It 
can be accomplished in less than 10 minutes, by a single operator, 
unassisted. 


Anatomical Peculiarities of the Rabbit's Liver. 

The arrangement of the rabbit liver in well-nigh separate lobes per- 
mits the removal of much of the hepatic substance by simple ligations 
and excision. Three large cephalad lobes, comprising what has been 
, termed the "main Hver” (14-16), constitute about 70 per cent of the 
organ. The remainder, almost separate from these, the "posterior 
lobe mass” (14, 15), is situated further from the head and to the right 
of the portal vein. Unlike the lobes of the “main liver” the “lobe mass” 
is intimately attached to the vena cava and cannot be wholly ablated 
without injury to this vessel. But a deep cleft exists on the cephalad 
surface of the mass and here a ligature may be thrown about the lobe 
and tied in such a way that it lies close to the vena cava but yet 
not close enough to impede the flow of blood. The half of the lobe be- 
yond this ligature can now be removed, leaving a neat small stump. 
The small caudate lobe on the other side of the cava possesses a flat- 
tened, tail-Iike portion springing from a narrow base wliich can be read- 
ily severed after ligation. There remains about half the substance 
of the lobe, that portion which extends along the sheath of the portal 
vein between it and the spinal column. 

In our attempts to induce liver insufficiency in the rabbit we em- 
ployed three types of sub-total hepatectomy. Ablation of the “main 
liver” was the first. To this operation there was next added excision 
of the removable part of the caudate lobe, leaving the stump and the 
whole “posterior lobe mass” intact. Finally removal of the main 
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liver” and half of the “posterior lobe mass” was practiced, leaving only 
the stump of this latter and the small caudate lobe intact. This last 
operation alone resulted in true liver insufl5ciency. 

Esimalio7t of (he Relative Atnounls of Liver Tissue Removed by the 
Three Types of Sub-Total Hepaleclotny iii the Rabbit, 

In twenty-five normal rabbits we have separated the portions of 
the liver, discussed above, wdghing the “main liver,” the excisable 
portion of the “posterior lobe mass,” its remaining stump, the re- 
movable bit of the caudate lobe, and its stump. Table I shows, in 
terms of percentage of total liver, the relative amounts of the tissue 
remaining and removed by each of the three procedures outlined above. 
Further, the table gives some idea of the relative variability in indi- 
vidual instances. Simple ablation of the "main liver” (see Column I 
of the table ) withdraws on the average about 73.6 per cent of the liver 
tissue, a figure well in accord with the findings previously published by 
Rous and Larimore, 72.3 per cent (15), and by Ponfick, 74.7 per cent 
(16). As will be seen below, this procedure does not induce apparent 
liver insufficiency. “Main liver” removal plus partial ablation of the 
caudate lobe offers no great additional advantage over the former 
method, for the caudate lobe adds but little to the percentage of tissue 
removed (Column 11). Ablation of the “main liver” and half the 
“posterior lobe mass” is the method of election (see Column HE of the 
table). By this procedure an average of slightly over 90 per cent of 
the liver tissue is removed, the remaining stump of the “posterior lobe 
mass” and the intact caudate lobe constituting but 9.6 per cent of the 
original total. 

Method. 

Rabbits vreighing 1300 to 4500 gm., previously kept on a mixed diet, 'were 
fasted but allowed water for periods of 24 to 48 hours. They were then operated 
upon under ether anesthesia. The three large cephalad lobes of the liver, the 
“main liver,” were removed together with that portion of the “posterior lobe 
mass” which lies to the right of the vena cava. 

To accomplish this, the “posterior lobe mass” of the liver was exposed and the 
ligament attaching its lower medial pole to the sheath of the vena cava severed. 
A heavj' silk ligature was thrown around the lobe, placed in the deep incisura on 
its cephdad surface, and tied, care being taken to avoid ah puckering of the vena 
cava or inclusion of its sheath in the knot. The liver portion to the right of the 
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The Relative Ainomits of Liver Removed by the Three Methods of Sub-Total 
Ecpaicciomy Described in the Text. 

I II in 



No. 

Body 

wt. 

Liver 
percent- 
nee of 
body wt. 

“Main liver** out 

Posterior lobe in 

Caudate lobe in 

Ber cent of total 
liver 

Per cent of total 
liver 

Per cent of total 
liver 

Out 

In 

Out 

In 

Out 

In 



Sm, 










2570 

2.32 

76.8 

23.2 

78.6 

21.4 

93.4 

6.6 



1960 

2.70 

72.7 

27.3 

76.1 

23.9 

90.8 

9.2 



2150 

2.21 

68.1 

31.9 

72.2 

27.8 

90.7 

9.3 



2957 

2.41 

76.5 

23.5 

81.2 

18.8 

90.2 

9.8 

Freshly fed 


2250 

2.88 

81.2 

18.8 

83.9 

16.1 

89.4 

10.6 



2010 

2.22 

76.2 

23.8 

81.0 

19.0 

89.1 

10.9 


la 

4275 

2.48 

73.7 

26.3 

77.2 

22.8 

91.9 

8.1 


lb 

2375 

2.36 

80.1 

19.9 

84.2 

15.8 

91.2 

8.8 

Average 

2568 

2.45 

75.7 

24.3 

79.3 

20.7 

90.8 

9.2 


1 


4.38 

73.1 

26.9 

76.8 

23.2 

91.4 

8.6 


2 

2310 

4.61 

75.3 

24.7 

80.2 

19.8 


9,4 

Fasted 24 

3 

2621 

4.74 

69.8 

30.2 

74.9 

25.1 


9.4 

hrs. 

4 

2210 

3.67 

72.0 

28.0 

77.2 

22.8 


9.7 


X 

1800 

3.99 

70.4 

29.6 

75.2 

24.8 

88.7 

11.3 


y 

2100 

3.80 






9.4 


z 

2050 

3.76 






9.8 

Average 

2153 

4.14 

72.1 

27.9 

76.9 

23.1 

90.3 

9.7 


1 

2250 

3.17 

75.2 ' 

24.8 

78.4 


92.4 

7.6 


2 


2.53 

69.8 1 

30.2 

73.6 j 



9.9 

Fasted 48 

3 


3.12 

66.8 

33.2 

71.8 


89.5 

10.5 

hrs. 

4 

I960 

3.20 

68.1 

31.9 

73.7 

26.3 

88,1 

' 11.9 


★ 

2150 

2.25 

! 76.8 

23.2 

82.2 

17.8 

88.3 

11.7 

Average 

1916 

2.85 

71.3 

28.7 

75.9 

24.1 

89.7 

10.3 


1 


2.83 

wm 

24.1 

78.1 

21.9 

92.1 

7,9 


2 

1500 

2.87 


25.8 

77.9 

.22.1 

91.3 

8.7 

Fasted 5 

3 

1550 

3.02 

74.3 

' 25.7 

80.3 

19.7 

90.3 

9.7 

days 

4 

1600 

2.63 

72.6 

* 27.4 

75,5 

24.5 

89.5 

10.5 


5 

1750 

2,75 

72.8 

27.2 , 

76.6 

23.4 

89.1 

10.9 

■- ■ 

Average 

1582 

2.82 , 

74.0 , 

26.0 

77.7 1 

22.3 


9.5 

Average of all 

73.6 

26.4 

77.7 

22.3 

90.4 

9,6 


* Fasted 3 days. 
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ligature was then cut away. After severing the ligaments attaching the '"main 
liveri' to the diaphragm, a ligature was placed about it. This ligature, tied just 
ventral to the diaphragm without inclusion of the vena cava, permitted eidsion 
of the “main liver.” 

In some instances interference with the circulation of the remaining Uver tissue 
resulted in necrosis of these parts. Rarely the vena cava was obstructed by the 
ligatures about the “posterior lobe mass” and ver>' rarely a bile leak or hemor- 
rhage occurred. Occasionally, too, animals developed a postoperative pneu- 
monitis. Such instances have been ruled out in considering the evidences of liver 
insuffidenej" induced by this method. They have amounted in all to about 
15 per cent. 

After excision of nine-tenths of the liver tissue, in the rabbit the 
remaining portions appeared slightly congested but never turgid 
and tense as they do after the removal of but three-fourths of the organ 
in dogs and rats (11, 13). The venous channels became moderately 
dilated and a fatty infiltration of the parench^nna developed. Fxir- 
thermore changes indicative of a fatty degeneration were found his- 
tologically, this serving to increase further the degree of liver insuf- 
fidency obtained by the operative procedure. Autopsy yidded no 
evidences of severe portal obstruction. There was no pronounced 
dilatation of the portal tributaries, and no marked congestion of the 
gastric or intestinal mucous membranes or engorgement of the spleen. 
Even the remaining portions of liver were not greatly distended 
with blood. Nevertheless we have asked ourselves, Can death have 
been due to obstruction to the flow of portal blood occasioned by 
the operation? To answer this question a series of control experi- 
ments were carried out in which an equivalent or greater obstruction 
of the portal blood flow was induced with but a negligible removal of 
liver parenchyma. 


Control Experiments. 

^ lu seven rabbits, the portion of the “posterior lobe mass” of theliver King to the 
right of the vena cava was remo'V'ed under ether an^thesia as in the operation for 
nine*tenths li\er ablation. The portal vessels to the ^^main Hveri^ were then 
lisated, leaving intact all branches of the bile ducts and the hepatic arteri’*. In 
this way the portal blood to 90 per cent of the liver was shunted throu^ the 
caudate lobe and the remaining stump of the “posterior lobe mass.” 4 to 8 d&ys 
later, India ink was injected into the portal vein of the surviving rabbits to deteV 
mine how great an amoimt of portal obstruction had actuaHy been obtained In 
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five instances tlie ink. flowed only to the 10 per cent of liver which, according to 
the conditions of the experiment, should have received portal blood. In the two 
remaining rabbits some ink reached tlie main liver, showing that the portal blood 
had some access to it. 

These animals in which a diversion of 90 per cent of the portal blood to the 
liver had been successfully effected had all sundved in good condition. 

In another group of four rabbits the branch of the portal vein which leads to 
the "posterior lobe mass” was ligated following ablation of the "main liver.” 
This procedure caused an even greater blocking of the portal blood flow than that 
above described; yet the animals did not die until about 5 da)’-s after the operation. 
The sole road for the portal blood had been through the small caudate lobe. 
Marked hypertrophj’’ of this lobe was found with dilatation of its channels and one 
may infer that obstruction to the portal flow had progressively diminished from 
the time of the operation. Death was preceded 6y the typical signs of liver 
insufficiency, to be outlined below. 

It is evident that death of rabbits when 90 per cent of the liver has 
been removed by our method cannot be ascribed to the portal obstruc- 
tion incident to the operation. As will be reported in a succeeding 
paper, we have found it possible to occlude in the rabbit from 9/10 
to 19/20 of the lumen of the portal vein together with 4/5 to 9/10 of 
the lumen of the vena cava without jeopardizing the animal. 

The Evidences of Liver Insufficiency after Ablation of 90 Per Cent of the 

Rabbit Liver. 

The Fall in Blood Sugar. — Following removal of nine-tenths of the 
liver the animals made a rapid recovery from the anesthetic, drank 
water, and appeared to be in excellent condition. In a few hours, 
however, they were to be found with drooping head, sprawling legs, 
and obvious muscular weakness. The heart rate was rapid, rising to 
285 beats per minute from a preoperative average of about 140. In 
6 to 12 hours the animals became prostrate and convulsions supervened, 
in one of which death occurred about 8 to IS hours after operation. 
Mann and Magath have described (2, 3) a rapid fall in the blood sugar 
concentration of dogs deprived of the entire liver, with result in con- 
vulsions and death a few hours after the operation. So too in our 
rabbits deprived of 90 per cent of the organ the blood sugar fell rapidly 
to a level below the minimum compatible with life. 

In numerous instances we have followed the blood sugar concentra- 
tion in rabbits before and after removal of nine-tenths of the liver, 
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employing ior the purpose the Hagedom-Jensen method (18, 19). 
Text-fig. 1 shows the rapid decrease of blood sugar resulting from the 
liver loss, in fourteen of these animals. In the instances depicted by 
the solid lines, the blood sugar concentration fell to a level incompat- 



Ifes. after operation 

Text-¥ig. 1. Fall ht ihe Blood Sugar Conceniralion in Rahbils FoUoTving 
Ahladon of 90 Per Cent of the Liver. 

The blood sugar findings in fourteen rabbits deprived of 90 per cent of the liver 
ate plotted in terns of miliigrams of glucose per 100 cc. of blood. In all the 
animals a rapid fall in the amount of blood sugar occurred. In the instances 
depicted by continuous lines, typical hypoglycemic symptoms developed and the 
animals died. The dotted lines show that a similar fall in blood sugar concen- 
tration took place In ei^t animals, until they were given glucose at the points 
where the lines are discontinued. 

ible with life; convulsions and death followed. The dotted lines show 
an equally rapid initial fall in the blood sugar of other rabbits, which 
was checked by injections of glucose given at the points indicated by 
the discontinuance of the lines. 
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The Insufficiency in Rabbits Given Glucose after Ablation of 90 Per Cent 

of the Liver. 

Mann and Magath' showed (3) that administrations of glucose to 
dogs deprived of the total liver preserved life for many hours. Eventu- 
ally the animals died, in spite of the maintenance of a high blood sugar 
level, in a condition characterized by weakness and flaccid paralysis. 
The same phenomenon more prolonged was found in our rabbits given 
glucose after ablations of about 90 per cent of the liver. The sub- 
stance was usually administered by stomach tube, but often by in- 
travenous injection, and at times subcutaneously, in varying doses 
and at various intervals of time. 

The effect of glucose, especially by intravenous injection, in rabbits 
deprived of 90 per cent of the hver is as startling as in completely 
hepatectomized dogs (3, 9). Prostrated, moribund animals will be 
found sitting up or moving about freely a few minutes after a single 
injection of 10 to 20 cc. of 5 or 10 per cent dextrose solution. The 
pulse and respiratory rates are slowed and the animal appears normal 
again. The effect, however, is not long lived. 30 3minutes to several 
hours later the rabbit again becomes weak, the pulse and the respira- 
tion rate are increased, the blood sugar is low, reflexes are exaggerated, 
and convulsions may occur. Again and again the animal may be 
restored by administrations of glucose but finally, in spite of these, 
death comes on, heralded by extreme asthenia, coma, and respiratory 
failure. 

Derangements in Urea and Uric Acid Metabolism . — It is now well 
known that urea formation ceases in the liverless dog (20). This 
phenomenon is accompanied by an accumulation of uric acid in the 
blood, with a consequent increased excretion of the substance if kid- 
ney function is maintained. The change from a normal urea me- 
tabolism does not appear in dogs deprived of as much as 70 per cent 
of the liver after an Eck fistula operation (9, 21), altliough uric add 
destruction may possibly fail to occur. Indications of a lack of urea 
formation or of cessation of uric add destruction in dogs may be taken 
as definite evidence of liver insuffidency (9). Such evidence has been 
obtained in our partially hepatectomized rabbits. 

Procedure . — Freshly fed rabbits were fasted for 24 hours, given SO to 75 cc.^ of 
5 per cent glucose solution by gavage, and later allowed to drink the same solution 
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at vnll. A copious Eeaetion of urine resulted. 12 to 20 hours later the animals 
rvere catheterized, the bladder washed thoroughly with water, and a blood sample 
taken from an ear vein. They were then placed in clean metabolism cages for 
17 to 24 hours. At the end of this period another blood specimen was taken, and 
the catheterization and bladder washing repeated. The urine thus obtained and 
that collected during the previous 17 to 24 hour period was analj'zcd for urea and 
uric add. At once after taking the second catheter specimen 90 per cent of the 
liver was removed under ether anesthesia, and for varj-ing periods thereafter 



Tzxrr-FiG. 2. C/iGKges in Blood Urea Concentration and Urea Output in the 
Urine after Removal of 90 Per Cent of (ke Liver. 

Uric add studies vrere not made. The changes shovm are similar to those 
described in Text-figs. 3 to 6. 

the animals were kept in metabolism cages. From time to time they were given 
water or 5 per cent glucose solution to maintain diuresis. At intervals they were 
catheterized and the urine and bladder washings added to the cage urine sped-* 
mens to be analyzed for uric acid and urea. Blood spedmens taken during or 
immediately before the catheterizations were used for blood urea and blood uric 
add analyses. For the determinations of urea concentration in blood and urine, 
the method described by Addis (22) was employed. In some instances {Te.Tt-fig 3 . 
2, 4, and 5) the technique of Van Slyke (23) was used as well- Folin^s method (24) 
ser\’ed for the estimation of uric add in the blood, and the procedure of Folin and 
Wu (25) for its determination in urine. 

In all five instances depicted in 2 to 6 adecfuate diureds 

was maintained. In all a sinking decrease of urea output in the urine 
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0 4 8 12 16 20 24 4 8 12 16 20 24 28 32 
ffns. before operation Hni after operation 


Text-Fig. 3, 

Text-Figs 3 to 6, Changes in the Urinary Output and Blood Concentration of 
Urea and Uric Acid hi Rabbits Deprived of 90 Per Cent of the Liver* 

Text-figs 3 to 6 depict the uric acid and urea findings in the blood and urine of 
rabbits before and after ablation of 90 per cent of the liver. In all, the urea out- 
put of the urine decreased profoundly after the ablation while the blood urea 
concentration remained almost unchanged. In all, an increased urinar}'’ output 
of uric acid appeared, together with a greater concentration of the substance 
in the blood. 



Hns. before operation Hns after operotion 


Text-Fig. 4. 
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occurred. Despite this lack of urea output the blood urea concentra- 
tion remained unchanged in three of the animals, fell in one (Text- 
fig. 2), and rose but slightly in two, affording thereby evidence of 
greatly decreased urea formation. The uric acid studies made on 
four of these animals, Text-figs. 3 to 6, showed an increase of this 
substance in both blood and urine after ablation of 90 per cent of the 
liver. 

In considering the evidences of liver insufficiency in these animals 
it is to be noted too that a mild tissue icterus appeared, accompanied 
by an output of bile pigment in the urine, as shown by the Van den 
Bergh test. 

Liver Insufficiency in Rabbits Deprived of 80 Per Cent of the Liver. 

Similar studies were made on three animals deprived of but 80 per 
cent of the liver. The findings were not clear-cut. The almost com- 
plete absence of urea excretion observed after ablation of 90 per 
cent of the liver was not present in these instances. In two of 
the animals the urinary output of urea per hour amounted to about 
half that of the preoperative period, while in the third animal no 
decrease was observed. Despite this the blood urea concentration 
of all rose notably, yielding evidence of a normal formation of urea in 
the case of the animal last mentioned, and of only a slight decrease in 
the others. In but one of the three experiments was an increase in 
urinary uric acid noted and this appeared in the instance showing 
normal urea formation. From tliese findings one might suppose tliat 
by removal of 80 per cent of the organ a borderline condition had been 
obtained in which there might or might not be liver insufficiency, in 
respect to these functions. 

The Degree of Liver Ins^^fficiency in Rabbits Following Ablation of 

70 Per Cent of the Organ. 

Prior to the adoption of the method described above, the ''main 
livers” of several rabbits were ablated in the hope that the animals 
would develop a true liver insufficiency, for the operation entails a loss 
of 70 per cent of the organ. In 1889 Ponfick (16) reported his results 
with tins procedure, stating that practically all the animals died. 

Of twenty-one rabbits operated upon in our series, seven survived in 
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good health for several v?e^s, v?hen they -were autopsied. Tv?o others 
died of postoperative pneumonia and five others lived about 6 days, 
succumbing from undetermined causes. In the remaining seven in- 
stances, death occurred in about 20 hours accompanied by very low 
blood sugar concentration and convulsions. Ordinarily one finds 
after removal of the rabbit’s “main liver” a transient fall in the blood 
sugar which may be sufficient to bring about death. The other evi- 
dences of liver insufficiency, the clinical picture of asthenia and 
prostration with faulty urea and uric acid metabolism, are in our 
experience lacking. 


DISCUSSION. 

The evidence presented herein clearly shows that a fatal liver in- 
sufficiency develops in rabbits deprived of 90 per cent of the organ. 
Following this great reduction in parenchyma the blood sugar falls to 
the lethal point. If this be avoided by the administration of dextrose 
the insufficiency manifests itself in a partial failure of the organ to 
form urea and to transform uric acid. Eventually the animal dies, of 
causes unknown. 

After ablation of 90 per cent of the liver a mild jaundice appears, 
showing that there is a deficiency in the function of bile elimination. 
Earlier work from this laboratory, on the biliary obstruction required 
to produce jaundice in dogs, is in agreement with this finding. Mc- 
Master and Rous showed that jaundice of biliary obstruction does not 
appear after ligating several of the branches of the hepatic duct un- 
less the drainage from 95 per cent or more of the liverisobstructed (12). 

The fact is important that the rabbit deprived of 90 per cent of its 
liver behaves like the liverless dog in all w^ays that have thus far been 
tested. The blood sugar concentration falls, convulsions occur, 
urea formation ceases, uric acid metabolism is disturbed, and even 
w'hen the blood sugar is artificiaily maintained at a high level death 
occurs, with symptoms similar to those arising in the liverless dog (9). 

STJiniARY. 

A rapid and simple method for the production of marked liver in- 
sufficiencj’’ in rabbits has been described. The necessary operation 
can be carried out by an unassisted operator in a few minutes. The 
method should further the study of liver physiology. 
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The changes as concerns blood sugar, urea formation, and uric acid 
metabolism would appear to be the same in the rabbit suffering from 
hepatic insufficiency as in the dog. 
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TOTAL SURGICAL REMOVAL OF THE LIVER'IN RABBITS. 

By D. R. DRURY, M J). 

{From the Laboratories of The Rockefeller Institute for Medical Research.) 

(Received for publication, February 28, 1929.) 

Total surgical removal of the liver in the rabbit "n-ithout impairment 
of the portal and caval circulation has not hitherto been reported. A 
method has been devised for the purpose of vrork in this laboratory. 
It -would seem to be desirable to report its technique not only because 
of the -vdde use of the rabbit as an experimental animal but because of 
the frequency -with -which it has been employed in studies upon the 
relation of the liver to carbohydrate metabolism ( 1 ). 

Excision of the liver necessitates occlusion of the portal vein. More- 
over the intimate attachment of the organ to the vena cava requires 
the removal of a segment of this vessel as -well, if a complete and satis- 
factory liver ablation is to be obtained. In the normal rabbit the 
obstruction of either, or both, of these veins is followed by death so 
rapidly that in a method for hepatectomy channels must be pro-vided 
for the immediate return of caval and portal blood to the heart. 

_ Marko-witz and Soskin (2) have reported a technique for inducing a 
collateral circulation in dogs without an Eck fistula. At a preliminary 
operation the portal vein and vena cava are partially occluded -with 
ligatures which constrict the lumina of these vessels to about one-fifth 
the original size. After some weeks collaterals to the veins are so 
well developed that the liver may be removed -without impairment of 
the portal circulation. The present method is a modification of this 
technique. 

Our first attempts with the rabbit were unsuccessful. The vena 
cava and portal vein had been approached directly, and exposed on 
the right side of the abdomen. The consequent injury to the ventral 
surface of the liver and the peritoneum of this region resulted in 
massive adhesions among the injured parts, preventing removal of 
the liver without great blood loss. It therefore became imperative 
to devise a method whereby these veins could be approached, and 
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partially ligated, from the left side of the abdomen, without exposing 
the liver, leaving the right side free of adhesions that would hinder the 
later hepatectomy, 

A 7! atomical Pec7iUaritics of the Rabbit's Liver. 

The liver of the rabbit consists of two relatively separate masses 
connected by a thin isthmus of parenchyma. The larger mass, com- 
prising the three cephalad lobes, has been termed the “main liver” 
and the smaller portion, the “posterior lobe mass” (3). Each possesses 
its own arteries, ducts and branches of the portal vein. The main 
portal trunk on approaching the liver divides to send its first branch 
to the “lobe mass.” At about this level it also receives a tributary — 
the superior pancreatico-duodenal vein — and in this region too the 
hepatic artery comes to lie close to the vessel and accompany it to the 
liver. Still another tributary, the left gastro-epiploic, enters the 
portal vein about 1 cm. cephalad to the juncture of the portal 
and superior pancreatico-duodenal veins. The relationship of these 
structures is by no means constant. Thus, for example, the superior 
pancreatico-duodenal vein may enter the portal stream either below 
or above the great branch of the portal to the “posterior lobe mass” 
of the liver. As the aim of the preliminary operation is the establish- 
ment of a portal obstruction so great that it will induce the develop- 
ment of a collateral circulation, it is necessary to produce this obstruc- 
tion caudad to the first branch of the portal vein, that to the ‘lobe 
mass.” Unfortunately the tributaries mentioned above, the superior 
pancreatico-duodenal and the left gastro-epiploic, usually enter the 
portal vein above this site of election and, as our experience has shown, 
will serve as by-passes, whereby portal blood reaches the “main liver.” 
To cut off this source of supply it is necessary to ligate the two small 
vessels individually. 


The Preliminary Operation. 

The shaved skin of the rabbit is swabbed with 60 per cent alcohol and under 
ether anesthesia tlie abdominal cavity is e.xposed from tlie level of the ensiform to 
tlie umbilicus by an incision 1 cm. to the left of tlie mid-line. The relatively 
bloodless mid-region is thus left intact for the incision of the secondary operation. 
The stomach is pressed upward, covering the liver, and tlie portal vein is ap- 
proached from the left side and sufficiently freed of the surrounding tissue for a 
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sUk ligature, soaked in petrolatum, to be passed about it. The ligature is placed 
just caudad to the branch to the "posterior lobe mass” and to the juncUon of the 
superior pancreatico-duodenal and portal veins. Great care should be exercised 
to place the ligature around the vein only, leaving intact between it and the liver 
the peritoneum adherent to its right side, thus preventing all contact between silk 
and the liver. Only if this is successfully accomplished will adhesions fail to 
develop. 

The ligature is tied down so as to include not only the vein but the end of a glass 
rod. This end is bent at a right angle to the main shaft and is laid parallel to the 
vessel for ease in t>dng. It should taper slightly so that it can be readily with- 
drawn after the tie has been accomplished leaving the vein partially Hgated, with a 
lumen equal to the size of the rod. The diameter of the latter should be 2 mm. 
for a 2 kilo animal. 

The superior pancreatico-duodenal vein is tied near its junction with the portal, 
and likewise the small vein which arises on the caudad surface of the pjdorus and 
leads into the portal about 1 cm. above the entrance of the superior pancreatico- 
duodenal vein. At times this vessel inay enter the portal vein just dorsal to the 
pylorus. Both these procedures, carried out v;dthout injury to the peritoneum of 
the right side of the abdomen, are essential; for as already mentioned these veins, 
unless occluded, enlarge with extreme rapidity and soon provide an adequate 
supply of blood to the liver. The ligation of the small left gastro-epiploic vein 
can be carried out only by a dissection along the posterior wall of the pylorus. The 
vein receives, as a rule, one or more tributaries. It should be inspected along its 
entire course and the ligature placed below the last tributary, a delicate procedure 
which exposes the bile duct and portal vein in this region as well. 

Finallj^ partial occlusion of the vena cava is effected from the left side of the 
abdomen. As a first step the superior mesenteric artery is identified and the peri- 
toneum perforated on the left side of the mesentery just cephalad to tfii? artery 
and just ventral to the aorta. A small glass spatula covered with vaseline is 
introduced into the aperture and worked between the vessel and the peritoneum 
anterior to it. A threaded ligature passer introduced along the track thus made 
is turned posteriorly about the vena cava, thus carrying a ligature around the 
vessel, just caudad to the right adrenal body. The lumen of the vena cava is 
then reduced to 2 mm. by t>dng the ligature about the removable glass rod as in 
the case of the portal vein. 

Recovery from the operation is usually rapid and a collateral circulation soon 
develops about the liver. In a few days, if the procedure has been successful, 
evidences of this fact appear, in a notable enlargement of the veins of the abdominal 
w^all. The development of this collateral circulation is so rapid that one can 
totally occlude the portal vein and the vena cava 5 days after the primary opera- 
tion without the appearance of any untoward s>Tnptoms. This has been done in 
4 instances as a control experiment to demonstrate the existence of an adequate 
by-pass for the blood about the liver. In our later work, however, we have gener- 
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ally allowed an interval of 3 weeks to elapse between the primary and secondary 
operations. This not only affords ample time for the development of tlie new 
vascular bed about the liver but suffices for tlie animal’s complete return to general 
health. Liver extirpations have been done successfully as late as 6 months after 
the preliminary operation, 

Hepaicctoviy w the Rabbit. 

The incision for hepatectom}'' in the rabbit should run in tlie mid-line from 
ensiform to umbilicus. A ligature is placed around the entire gastrohepatic omen- 
tum, including in the one tie tlie portal vein, bile duct and hepatic artery. The 
vena cava is ligated just cephalad to the right adrenal gland, and again just cepha- 
lad to its union with tlie hepatic veins from the ^^main liver,’’ and severed between. 
The structures in the gastrohepatic omentum are cut cephalad to the tie placed 
about them. The liver can now be removed i?i totOj after cutting its ligaments to 
the diaphragm and dividing the peritoneum on either side of the vena cava in tlie 
regions where this is intimately attached to the liver. No stump of hepatic tissue 
need be left. 

A diaphragmatic vein enters the right side of tlic vena cava slightly caudad to 
the entrance of tlie hepatic veins from the “main liver,” This small vessel must 
be tied and cut between ligatures. 

In certain instances it may be of advantage to remove the “main liver” early in 
the operation, immediately after tying the gastrohepatic omentum, thereby 
gaining working space for the more difficult steps. This is done by snipping the 
ligamentous attachments between the “main liver” and diaphragm and throwing 
a stout ligature around tlie former, t>dng it down closely upon the vena cava. 
The “main liver” is then cut away above this ligature. In the final stage of the 
operation, its stump is removed. 


DISCUSSION. 

The clinical picture in the rabbit, deprived of the entire liver, needs 
only brief mention for in aU important particulars it is like that in 
the liverless dog, described by Mann (4). As is now well known, 
hepatectomy in the dog is followed by pronounced hypoglycemia with 
an accompanying train of typical symptoms. Further, this condition 
fails to appear when the diminution of blood sugar is prevented by 
administrations of glucose. The postoperative state in the liverless 
dog may be divided into two clearly defined stages, the first character- 
ized by the hypoglycemic symptoms, the second, even if glucose be 
given, by coma terminating in death. 

All these phenomena have their counterpart in the rabbit, as our 
observations upon these animals deprived of 90 per cent of the liver 
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(5) have already shovm. Completely hepatectomized animals treated 
by the administration of dextrose in 25 per cent solution per os or in 
5.4 per cent solution intravenously in sufficient amounts to keep the 
blood sugar concentration at or about 125 mg. per cent behave nor- 
mally for from 12 to 32 hours. In this first stage no untoward symp- 
toms appear. As a rule only slight variations of the pulse and respira- 
tory rate are noticed, together with an increase in body temperature 
of 1 to 1.5°. linally, in spite of the glucose administrations, certain 
phenomena usher in what may be called the second stage. Now the 
aniTTial when placed on the floor no longer investigates its surroimdings 
in the ordinary way but hops blindly in a straight line, striking any 
object in its path, even a brilliantly lighted wall. Later on evidences 
of muscular weakness and ataxia appear ; the animal sits with sprawling 
legs and drooping head. Left in the cage it will be foimd with nose 
pressed in a comer. In the next few hours, although care is taken that 
the blood sugar level does not fall below normal, the weakness pro- 
gresses and the movements become more ataxic. The animal falls to 
one side m attempting to move and cannot rise again, or it lies with 
sprawling legs unable to raise its head or draw the limbs under the 
body. The temperature becomes subnormal, the respiratory move- 
ments are labored and less frequent, and the pulse is slower too. 
The corneal reflex and knee jerk previously present are lost and com- 
plete flaccid paralysis, save of the respiratory muscles, sets in. For a 
period Cheyne-Stokes respiration may occur, after which the respira- 
tory rate falls to 8 per minute or even lower, and while the pulse rate 
remains at about 30 per minute the heart sounds progressively weaken. 
After varying periods up to 40 hours death comes on, with respiratory 
failure, the heart continuing to beat for 10 minutes or more after 
respiration has ceased. 

At the present time we can venture no explanation of the later 
symptoms. It is of importance now merely to call attention to the 
close similarity of the postoperative events in the liverless rabbit and 
dog, a similarity which permits us to infer perhaps that the major 
functions of the organ are much the same though the one creature is 
herbivorous and the other omnivorous. 
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SUMMARY. 

A technique is described for total removal of the liver of the rabbit 
without circulatory difficulties as a result. The method requires a 
preliminary operation to induce a development of portal and caval 
collaterals. 

Rabbits deprived of the liver in this manner if given glucose live 
for varying periods up to 40 hours. Before death they show the same 
disturbances as do hepatectomized dogs. They die earlj’-, of hypogly- 
cemia, unless provided with sugar. 
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the relation of the liver to fat metabolism * 

I. Epfect op Liver Lack on Fat Combustion and the 

RESprRAXORY Quotient. 

« 

By B. R. DRURY, I^I.D., PHILIP D. ISIc^IASTER, SI.D. 

iFram the Laboratories of The Rockefeller hisiilutefor Medical Research!) 

(Received for publication, February 28, 1929.) 

It is generally agreed that the liver is active in fat metabolism in 
many ways. As early as 1886 this became evident to Nasse (1). 
Subsequent systematic studies by Noel Paton (2), Leathes (3, 4), 
Leathes and Raper (5), Raper (6), Mottram (7), Rosenfeld (8), Bloor 
(9, 10, 11) and others, have resulted in a mass of evidence, demonstrat- 
ing various liver activities in the metabolism of fat. But are these 
functions performed solely by the liver and are they vital to the or- 
ganism? Can fat combustion be carried on at ail in the absence of 
the organ? These are the chief questions concerning the role of the 
liver in fat metabolism. Their answer waits upon a demonstration 
of the absence or continued presence of fat combustion in animals 
deprived of the liver or otherwise brought into a state of extreme 
hepatic insufficiency. In the present communication we will report 
experiments upon this theme. Rabbits were chosen for the work 
and total liver ablations done (12) by a method already described. 
For the induction of a partial but pronounced liver insufficiency, re- 
moval of approximately 90 per cent of the liver was practiced (13). 

The Respiratory Quotient of Rabbits with Partial Liver Insufficiency. 

Earlier workers have shown that the r^piratory quotient of fasting 
animals, previously well fed, is low (14), indicating a body metabolism 
largely that of fat. What now will the quotient be after removal of 
the liver, or in conchtions of hepatic insufficiency? 

* A pTeliroinary report upon some oi the findings given herein has already 
appeared in the Proceedings of the Society for Experimental Biology and Medicine 
1927, XXV, 151. ’ 
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Well nourished rabbits on a mixed diet, and weighing 2 to 3 kilos, 
were fasted 48 to 72 hours and subjected to a preliminary determina- 
tion of the respiratory quotient by the method outlined below. The 
respiratory quotient was low in such fasting animals indicating a 
pronounced combustion of fat. Then liver insufficiency was induced. 

Method. 

The Respiratory Quotient. The Apparatus. — ^All respiratory quotient deter- 
minations were made by the closed circuit method with the rabbits sealed in an air 
tight respiration chamber, a very large desiccator, submerged in a constant tem- 
perature bath. The chamber was just large enough to allow the animals the 
normal crouching posture. The closed circuit consisted of the animal respiration 
chamber, two parallel absorbing systems w'ith shut-off clamps, a mercury pump 
which afforded a continuous circulation of air, and a set of valves permitting the 
air to pass through the circuit in one direction only. The total volume of the 
apparatus was 11 liters. The absorbing systems, for the retnoval of water vapor 
and CO 2 , were each made up of an ascarite^ tube connected at both ends with sul- 
furic acid absorption bottles. The weight of the ascarite tube in one of these 
systems was carefully determined, and so too was that of the second sulfuric 
acid bottle which the air entered after passing through the ascarite. The circulat- 
ing air could be shunted at will through either of these absorption circuits. From 
a reservoir of known volume, oxygen entered the closed dreuit between the 
absorbers and the pump. At this point too, connections were made with an 
auxiliary oxygen reservoir. At frequent intervals the apparatus was tested for 
leaks, by raising the pressure by an amount equal to tliat of 100 cm. of water in 
addition to the atmospheric pressure and ascertaining that no volume change 
occurred in the circuit within 5 minutes. 

The Respiratory Quotient Determination. — The respiration chamber containing, 
the experimental animal was submerged in the constant temperature bath and the 
air within the system circulated at tlie rate of 3 liters a minute. But one of the 
absorption systems was employed in the dreuit and oxygen was used from the 
auxiliary oxygen reservoir. After 20 minutes the pump was stopped and the 
pressure within the system adjusted to that of the room atmosphere. The baro- 
metric pressure was noted at the same time. Upon starting the circulation of air 
again the current was deflected through tlie second train of absorbers containing 
the weighed ascarite tube and weighed sulfuric add adsorption bottles. Ox 3 "gen 
was now allowed to enter the dosed system from the measured reservoir until 
about 1.5 liters had been consumed. This required about 1 hour and 20 minutes 
with the average 2 to 2.5 kilo rabbit. At the end of this period the pump was 

^ ''Ascarite, ’’ a mixture of asbestos and sodixim h 3 ^droxide, distributed by A. H. 
Thomas Company, Philadelphia. 
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stopped, the pressure in the closed s>^stem adjusted again to that of the room 
atmosphere, the barometric pressure observed, and the volume of oxygen added to 
the system during the period ^as noted. By reweighmg the ascarite tube and 
second sulfuric add bottle the amount of CO 2 produced vras determined. The 
volume of oxygen added during the period of the experiment, plus or minus the 
correction for changes in baroinetric pressure, temperature and vapor pr^sure, rep- 
resented the oxygen consumed. 

The rabbits remained quiet rrithin the respiration chamber. It vras not neces- 
sary to prevent ah motion on the animal^s part for calorimetry studies vrere not 
contemplated and only the gas exchange was measured. However the a n imals 
sat so tranquilly that we were able, in later work, to give them continuous intra- 
venous injections of glucose whhe in the chamber, despite the fact that the inject- 
ingneedle once placed in an ear vein could not be readjusted during the period of the 
respiratory quotient determination. In over 20 such experiments no animal ever 
moved suiadently to dislodge the needle from the vein. The method will be 
described further on. 

Technique , — ^WTien it had been established that the respiratory quotient of a 
fasted rabbit was definitely low, indicating that fat combustion vras taking place, 
blood specimens were taken from an ear vein for sugar, hemoglobin and hemato- 
crit estimations, and immediately thereafter 90 per cent of the liver was ablated 
under ether. 5 to 7 hours later, when the immediate effects of operation and 
anesthesia had worn off, a second determination of the respiratory quotient was 
made. Immediately preceding the animal's entrance into the respiration chamber 
and at once following its removal therefrom, samples of venous blood were taken 
by caidiopunctuie from the right ventricle fox CO 2 and sugar analyses. 

As we have shown in a preceding paper the blood sugar concentration falls 
rapidly after removal of 90 per cent of the liver, reaching the lethal minimum 6 to 
10 hours after the operation. As the second respiratory quotient determinations 
were made in the latter part of this period the blood sugar level was invariably 
found low, between 60 and 70 mg. per cent. Often the animal collapsed and 
became moribund while in the respiration chamber the second time. In such 
instances the experiments were discontinued. 

In four instances a third respiratory quotient was determined on the following 
day, 24 hours or more after the removal of 90 per cent of the liver. These animals, 
of course, received glucose during the night in amounts just suiSdent to keep the 
blood sugar level slightly above the minimum required to keep them free from 
convulsions . Blood sugar analyses were made before the final respiratory quotient 
was taken to rule out instances in which the giving of too much glucose might have 
brought the blood sugar concentration to normal or above. It seemed conceivable 
m this event, indeed it has been shown by our later work, that the utilization of 
glucose by the animal might mask or entirely supplant the combustion of fat In 
one instance, Table I, No. 4, the blood sugar concentration was found high (0.099 
per cent) on the day following operation and the respiratory quotient detennina- 
tion was duly postponed several hours, until it had fallen to 0.079 per cent 
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TABLE I. 


Respiratory Quotient^ Metabolic Rate^ and Blood Sugar Fuidings in Rabbits 
Deprived of 90,6 Per Cent oj the Liver, 



Preoperntive findings 

6 to 8 hours after operation 

24 hours after operation 

No. 

Respira- 

tory 

quotient 

0: con- 
sumption 

Blood 

sugar 

Respira- 

tory 

quotient 

Oj con- 
sumption 

Blood 

sugar 

Respira- 

tor 

quotient 

Oi con- 
sumption 

Blood 

sugar 



mg. per 
min. 

tfiS‘ per 
cent 


mg-^Per 

min. 

m'g. per 
cent 


mg. per 
min. 

mg. Per 
cent 

1 

0.740 

27.5 

ram 


27.8 

0.064 

— 

— 

— 

2 

0.766 

20.7 

rafKl 

0.757 

18.5 

Era 

— 

^ — 


3 

0.783 

19.3 

0.118 

0.720 

18.9 


— 

— 


4 

0.729 

28.0 

Era 

— 

' — 



rara 

32.6 


5 

0.782 

! 33.6 


— 

— 

— 


31.9 

0.056 

6 

0.768 

! 30.0 

0.125 

— 

— 

— 


29.5 


7 ' 

0.760 

25.5 


0.739 

25.0 



26.1 

0.066 

S 

0.826 

29.9 

Bi 

0.751 

27.7 



29.6 

0.051 


* Expressed in terms of O 2 consumption per minute, 
t 10 hours after operation. 


TABLE n. 

Blood CO 2 of Rabbits Inmcdiatcly before and after the Period of Respiratory Quotient 

Determination, 


No. 

Before entering 
respiration chamber 

After entering 
respiration chamber 

Hours after operation 

1 

vol, per cent \ 

48.1 

vol, per cent 

48.3 

6 

2 

46.8 

47.6 

6 

3 

39.6 

39.9 

6 

4 

47.5 

47.2 

24 

5 

! 40.1 

40.5 

24 

6 

I 42.7 

! 43.1 

' 26 

7 

44.4 

44.4 

5 

7 

41.6 

40.6 

24 

8 

46.0 

45.6 

6 

8 

45.8 

: 45.5 

10 


As an additional routine measure, blood specimens from the ear vein were taken 
before operation and at variable intervals thereafter for sugar estimation by tlie 
Hagedom-Jensen (15) method. After operation, blood specimens for CO 2 
analysis were taken immediately preceding, and at once following tlie sojourn of 
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the animals in the respiration chamber. They n’ere obtained by cardiopuncture of 
the right ventricle, under oil, and in paraffined tubes. The C02^estimations were 
carried out by the method of Van Slyke and Sendroy (16, 17). These latter 
findings for the instances shown in Table 1 are presented separately in Table II. 
As the respiration chamber was small and the animals quiet, differences in the 
metabolic rate could be roughly determined in terms of orygen consumption per 
minute. 

Only those instances have been considered in which the metabolic 
rate remained constant before and after operation (see Table 1). All 
experiments have been ruled out, too, in which any significant change 
in the concentration of blood CO 2 was found. The results ^ven below 
must be attributed to the true gas exchange of the animal and not to 
mere retention or blowing oS of CO 2 during the periods of experi- 
mentation. 

In these experiments, which were of relatively brief duration, no 
significant hemoglobin or hematocrit changes were observed. 

Findings. 

The preliminary respiratory quotients of 25 fasted rabbits averaged 
0.755, with variations between 0.722 and 0.826, indicating a great 
combustion of fat. In Table I the respiratory quotient, blood sugar 
and oxygen consumption data are given in 8 of these instances which 
constitute experiments free from objection, in which neither blood CO 2 
changes nor significant variations in the metabolic rate appeared. 
The magnitude and character of the individual variations are self- 
evident. When about 90 per cent of the liver of the animals was 
ablated, the xespixatoxy quotient 6 to 8 hours later averaged 0.737, 
with individual variations between 0.720 and 0.757. The respiratory 
quotients of 4 of these rabbits taken again the following day averaged 
0.738, with only slight variations, — 0.731 to 0.745. 

In 4 other successful experiments, not shown in the table, the respira- 
tory quotient and blood sugar findings were similar but the metabolic 
rate showed some retardation, the ammals requiring 1| to 2 hours, 
even 22 hours in one instance, to consume the quantity of oxygen used 
prior to operation in about If to U hours. These latter instances are 
merely corroborative and hence need be mentioned no further. 

From the findings reported so far we conclude that fat combustion 
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can be carried on as readily and as rapidly in the rabbit after ablation 
of 90 per cent of the liver as before, in spite of the fact that the 
animals suffer from extreme liver insufficiency, eventually dying there- 
from (13) • 

The Respiratory Quotient of Rabbits Deprived of the Entire Liver. 

With these facts established, it became essential to determine 
whether fat combustion could continue in the absence of the entire 
liver. In the experiments just described, there was the possibility 
that the findings depended upon some activity of the small remnant of 
the liver. For this reason we repeated the experiments, as described 
above, but employed rabbits deprived of the entire organ according to 
the method described in an earlier paper (12). 

One important change in technique was forced upon us. The rabbits deprived 
of tlie' entire liver required glucose prior to the postoperative estimation of the 
respiratory quotient. For the fall in blood sugar concentration took place more 
rapidly in them tlian in those animals retaining 10 per cent of tlie organ. In tlic 
liverless rabbit given no glucose deatli from low blood sugar occurs in some in- 
stances within 2 to 3 hours after operation; and it seemed wise to wait at least 
4 hours before determinations of the respirator}^ quotient since both metabolism 
and respirator}'' quotient might have been disturbed by the ether anesthesia and 
laparotomy. Preliminary experiments were made to determine the minimum 
amount of glucose which would maintain hepatectomized rabbits. These experi- 
ments will be detailed in a following communication. Suflice it to say here that 
100 to 130 mg. of glucose per kilo of body weight per hour answers tlie purpose, 
when given by continuous injection during the first 8 hours after hepatectoray. 
This small amount of glucose only was given in the later work, since a larger 
dosage might conceivably have acted to mask an existing fat consumption. 

Technique. 

For tlie respirator}^ quotient experiments a teclinique was used similar to that 
just described, with certain minor modifications. 

Rabbits of about 2 kilos were subjected to subtotal ligations of the portal vein 
and vena cava to establish a collateral circulation about the liver (12). 3 to 5 
w’eeks later the animals were fasted for 72 hours and given water whicli tliey 
drank freely. The long fasting period was found necessar}^ for the respiratory 
quotient of a previously well nourished rabbit, which is fasted, does not fall in less 
than 3 days. At tlie end of this time if a preliminary respiratory quotient deter- 
mination was found to be low, as it usually was, blood specimens were taken for 
sugar estimations and hepatectomy done under ether anestliesia. 
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At once after operation blood sugar determinaUons were again made and a 
condnuous intravenous injection, of isotomc (5.4 per cent) glucose soluUon, be^n. 
The change in the blood sugar percentage found at this second estunaUon deter- 



Text-Fig. 1. Tht Blood Sugar Conccniraiion of Rablnls Deprived oj the Entire 
Liver and Given Smdl Atn<mn(s of Glucose during the Interval hetween the Pre^ 
operative and Postoperative Eespiratory Quotient Determinations. 

The blocked in areas indicate the period during 'which respiratory quotient de- 
terminations were made and their height above the base line the blood sugar 
levels. Blood sugar estimations were done after each of the preoperative respi- 
ratory quotient detenninations and their level plotted accordin^y. In each 
instance a blood sugar estimation was made ag^ imme^ately after the opera- 
tion for hepatectomy. The changes in concentration are shown by the dotted 
lines. At various intervals thereafter the blood sugar concentration 'was deter- 
mined in each animal and the variations depicted by the continuous lines. As 
the blood sugar levels were knovm both before and after the postoperative respi- 
ratory quotient detenninations were made, the chart shows the approximate 
level of blood sugar concentration during those periods. It is obvious that the 
blood sugar concentration fell during the postoperative respiratory quotient 
determinations. 

^edhow mudi glucose was later given, the amount being that deemed necessary 
just to maintain the blood sugar concentration above the Jer-el of 100 mg. per 
cent. Experience soon taught us that it was safer to give too much glucose than 
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too little, for in two experiments the animals entered the state of h}T)ogl 3 Temic 
collapse while in the respiration chamber before the rcspiratoi^'' quotient deter- 
minations could be made, Tlicsc experiments, of course, were ruled out. Three of 
tlic instances plotted in Text-fig* 1 received slightly too much glucose and a distinct 
rise in tlic blood sugar level followed. At various intervals blood sugar determina- 
tions were made as guides to the rate at wliich glucose was injected later. 

After tlie operation, during the continuous glucose injection, the animals sat 
quietly on a warmed pad, witli onl}" occasional shifting movements. 

About 5 to 6 hours after removal of the liver a second estimation of the respira- 
tory quotient was begun; and in one instance a third was made 24 hours after 
hcpatcctomy. Ordinarily tlie animals remained in the respiratory quotient 
chamber about hours. The glucose injection was continued during this period, 
the fluid entering tlie chamber tlirough a glass tube connected in turn with fine 
rubber tubing about S inches long, to which the needle was attached. The 
needle inserted in the car vein was kept in place by two weak bulldog clips and 
tlie rubber tube supported along the animaks back by an adlicsivc strip to pre- 
vent its occlusion b}" a kink should tlie rabbit shift its position. In all of the 
experiments the glucose injection was successfully carried out. 

To determine clianges in tlie blood CO 2 and sugar, specimens of venous blood 
were taken in every instance, immediately before and again after the animaPs 
sojourn in the respiration cliamber. To obtain blood samples in tliese experiments 
cardiopuncture was not necessary’’ since tlie animals presented greatl}^ enlarged 
collateral abdominal veins from whicli blood was taken, under oil, in paraffined 
syringes. 

As in the previous experiments, we shall consider only the cases in 
which the metabolic rate remained high after operation and no signifi- 
cant blood CO 2 changes could be demonstrated. 

Findings. 

It was deemed sufficient to carry on experiments with hepatecto- 
mized rabbits until 6 instances had been obtained which fulfilled the 
conditions mentioned above. Table III gives a surve)?' of the findings 
with the 6 different animals, on one of whicli (No. 4) a third respira- 
tory quotient was obtained 24 hours after operation. In Text-fig. 1, 
we have charted the blood sugar curves of these animals in such a 
way as to show the probable blood sugar level during the period of 
respiratory quotient determinations. 

Of the 6 instances, 4 showed practically no change in the respiratory 
quotient after liver removal, although in 1 of these (No. 4) a late 
determination was made as long as 24 hours after the operation. In 



TABLE in. 

The Respifoiory Quoiietit and Mctcbolic Rate* iii Rahhits Deprived of (he Rndte Ltvcf* 
The respirator}’’ quotients oi 6 lasted rabbits belore and alter removal oi the 
liver are shown, together with the rate ol oxygen consumption during each respira- 
tor}' quotient determination After hepatectomy all these animals received 
glucose In Columns 4 and 9 the “noucarbohydrate” respiratory quotient has 
been calculated as explained in the text. 
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TABLE IV. 


Blood CO2 of Rabbits Deprived of Tefal Liver Immediately before and after the Period 
of Respiratory Qnolienl Determination. 
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2 instances an appreciable rise in the respiratory quotient occurred. 
It may here be remarked again that of necessity all the animals re- 
ceived continuous intravenous glucose injections during the interval 
between the operation and the completion of the respiratory quotient 
estimation. 

In both of the animals in which a rise in the respirator)'’ quotient 
occurred, Nos. 5 and 6, a marked fall in blood sugar was noticed 
immediately after the liver ablation (see Text-fig. 1). To prevent 
the development of hypoglycemic symptoms, much more glucose was 
given to these animals than to the others. In Rabbit 6, far too mudi 
glucose was given, 200 mg. per kilo per hour, and the blood sugar 
level stood at 159 mg. per cent at the beginning of the respiratory 
quotient determination. The other instance showing a rise in the 
respiratory quotient (No. 5) also received much more glucose per kilo 
per hour than those in which no rise was found. As Text-fig. 1 shows, 
the blood sugar concentration in this instance was abnormally low 
after operation. The animal was consequently given 185 mg. of 
glucose per kilo per hour instead of the usual 100 to 130 mg. Although 
the blood sugar concentration in the animal was not high immediately 
before the period of respiratory quotient estimation, it is to be noted 
that the animal had received this excess sugar. 

The findings show beyond doubt that fat combustion continues 
actively in the animal without a liver. 

The Effect of Increased Sugar Admhnsiration on the Respiratory Quotient 
of Hepaieclomized Rabbits. 

During the respiratory quotient determinations, the period that is 
to say when the blood sugar level could not be ascertained, the amount 
of glucose given was arbitrarily cut down to avoid the production of a 
sugar combustion sufficient to mask any existing one of fat. On the 
assumption that this glucose, given during the periods of respiratory 
quotient estimation, was burned we have calculated the hypothetical 
‘‘non-carbohydr'ate-burning respiratory quotients,” shown in Col- 
umns D and H of Table III. These approach closely in some cases the 
figure 0.71, that of a wholly fat burning respiratory quotient. As , 
Text-fig. 1 shows, the blood sugar concentration of eacli animal was 
lower at the end of the respiratory quotient determination than before, 
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a finding whicli would support tlio assumption tliat the sugar intro- 
duced had been used up. 

In calculating the hypothetical '"non-carbohydrate-burning respira- 
tor}- quotient” of ColumnsD and H in Tablelllwe arc for the moment 
assuming that the administration of glucose raised the respiratory 
quotient. To test the point one experiment was done. 

In the experiment on Rabbit 1 a respirator quotient of 0.757 was obtained 
between the 6th and 7th hours after operation. For 6 hours prior to this the 
animal had been given 100 mg. of glucose per kilo per hour by continuous intra- 
venous injection. The blood sugar level fell from 126 mg. per cent 1 hour after 
liver removal to 0.098 just before the respiratory quotient determination. During 
the period of the respiratory quotient estimation the glucose dosage was further 
decreased to 80 mg. per kilo per hour, causing a further fall in the blood sugar 
level to 0.086, as Text-hg. 1 shows. 

The aT>imn1 was then given an intravenous injection of 5 cc. 5.4 per cent glucose 
and the rate of the continuous injection increased to the level of 300 mg. per lulo 
per hour. 20 minutes later another respiratory quotient determination was 
begun. This required 14 hours, during which glucose was given at the rate of 300 
mg. per kilo per hour. The quotient rose to 0.862. To avoid ponfusion with the 
findings in the other instance the latter part of the experiment has been omitted 
from Text-fig. 1. 


DISCUSSION. 

It is not to be inferred from our findings that the respiratory quo- 
tient must be low under all conditions after removal of the entire 
liver or a 90 per cent fraction of it. In this paper we wish to emphasize 
merely that the organism deprived of the hver is still capable of burn- 
ing fat adequately for its needs. An existing fat combustion may be 
easily masked, as shown by our experiments in which too much glu- 
cose was administered, purposely or inadvertently to the liverless 
animals. And the respiratory quotient may be high in a variety of 
circumstances after hepatectomy. Thus, for example, if it is high 
before operation, it will tend to remain so thereafter. One of our 
"'unsuccessful” experiments serves to illustrate this point. 

Ablations of 90 per cent of the liver were carried out on two rabbits which had 
been fasted but 36 hours. This was done following the preliminary respiratory 
quotient estimations but before the results had been calculated. At operation the 
stomachs of the animals were found moderately distended with food. The pre- 
liminary respiratory quotients were 0.865 and 0.851, respectively. In both 
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instances, the respirator}^ quotient was found high 6 to 8 hours after operation, 
0.811 and 0.826, respcctiveJy. Autopsy disdosed quantities ol undigested food 
in the stomadis, suffident reason for the high quotients. In another experiment, 
a freshly fed rabbit on a carbohydrate diet was subjected to the same procedure. 
The respiratory quotient which was close to unity (0.951) remained at this figure 
6 hours later. 

^ In anotlier rabbit with a preliminary respiratory quotient of 0.731 the second 
determination was purposely taken 2 hours after operation and found to be 0.S40. 
Guided by this finding we considered it advisable as routine to wait several hours 
after hepatcctom}^ before attempting the second respirator}'* quotient estimations. 

From the evidence given here one can only say with certainty that 
fat combustion continues unaffected after removal of the liver of 
animals already burning fat before operation. The state in which 
they are buriiing fat can be brought about by fasting, for about 3 days^ 
animals previously well fed. The freslily fed rabbit on a carbohydrate 
diet shows as a rule a high respiratory quotient, and so does one 
fasted for less than 48 hours. On the other hand the fasting period 
should not be unduly prolonged. For one would of course expect a 
respiratory quotient indicative of protein combustion in an animal 
suffering from severe inanition. 

Some experimenters have in tlie past employed tlie respiratory quotient as an 
indicator of tlie type of metabolism existing in animals after attempted exclusion of 
the liver from the general circulation by the ligation of vessels. In 1910 Forges 
(18) and Forges and Solomon (19) found a rise in tlie respiratory quotient of 
rabbits and depancreatized dogs following ligation of the abdominal aorta, tlie 
inferior vena cava, tlie portal vein and tlie hepatic veins. The}'* concluded that the 
oxidation of fat and protein proceeds within tlie body only in the presence of tlie 
liver. In tliese experiments tlie animals lived but a few hours, rapidly becoming 
'moribund. Roily (20), too, reported changes in tlie respirator}^ quotient after 
interferences witli the circulation of the liver but found tliem inconstant, yerzar 
(21, 22) obtained inconstant results after partial e.xckision of tlie liver by anasto- 
mosis of tlie portal vein witli the inferior vena cava. Grafe and Fiscliler (23) 
reported no change in the respiratory quotient of dogs witli Eck fistulas. Fisdiler 
and Grafe (24) ligated tlie hepatic artery in Eck fistula dogs and obser^^ed usually 
a rise in tlie respirator}'* quotient witliin 6 hours of tlie operation. But it is to be 
noted tliat the respirator}^ quotient returned to tlie preoperative figure in tlie 
animals sur\'^iving more tlian 6 hours. Bohm (25) excluded the abdominal organs 
in depancreatized dogs and found but little rise in tlie respirator}" quotient. 
Still later Grafe and Dencckc (26) extirpated the liver in dogs several weeks after 
an Eck fistula had been formed and found the respirator}" quotient low — in one 
instance 0.774 after operation. 
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Several explanations for these varying results have since come to hand. As is 
now well known, from the work of Alann (27) and others, an e\ddent liver lack can 
only be brought about by almost complete removal or destruction of the organ. 
Rich (2S) has recently demonstrated the futility of attempted exclusion of the 
liver from the circulation through the methods practiced by most of the earlier 
workers. IMurlin, Edelmann and Kramer (29) have pointed out that radical 
ligations, excluding as they do much blood and tissue, should he carefully con- 
trolled. These authors have demonstrated that changes in the relationships of the 
blood gases follow sudden damping of the abdominal aorta which are of themselves 
su^dent to account for the results of the earlier workers without the need to invoke, 
as explanation, a change in the metabolism of the animals. 

Although no radical circulatory interference, such as complicated 
these various findings, has been brought about in our experiments ive 
have thought best to rule out the possibility of errors due to changes in 
the blood CO 2 and have done so by considering only instances in 
which no variations of the sort occurred. 

J^Iann (27, 30) has reported a series of carefully conducted studies upon the 
respiratory quotient of hepatectomued dogs. In his experiments the respiratory 
quotient tended to approach unity after removal of the liver. That the quotient 
in dogs need not necessarily be close to unity after hepatectomy is shov,Ti by the 
work of ^larkowitz (31).^ From our findings on rabbits and the figures given in 
his paper we believe that the respiratory quotient of hepatectomized dogs would 
be foimd low 6 hours after the operation if fat combustion were duly established 
before liver removal and the giving of glucose afterwards reduced to a minimum, 

SmiHARY, 

Fat combustion is carried on adequately in rabbits deprived of the 
liver or brought into a condition of extreme liver insufficiency. Even 
24 hours after hepatectomy fat combustion goes on as well as in the 
normal animal. Evidently the liver plays no ^sential part in the 
breaking down of fat. 

- Following the completion of this work, F. C. Mann and W. M, Boothby 
reported experiments in the American Journal oj Physiology, 1928, Lwtxvii, 48d, 
which show an increase in the respiratory quotient of dogs immediately after 
removal of the liver. A subsequent return of the Te 5 pirator>' quotient 17 hours 
later to a figure but slightly above the preoperative one was also observed. 
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The opposing views of the early cellular and hiunoral schools of immunologists 
were to some degree brought into harmony by the demonstration by Denys and 
Leclef (1), Wright and Douglas (2) and others that phagocytosis could be greatly 
increased by the presence of serum. Components of normal sera promoting 
phagocytosis only in relatively high concentration were called by Wright and 
Douglas opsonins. The specific components of immune serum, active either in 
high or low concentration, have been termed hacieriolropltis (3). It was shown 
that the action of opsonms andbacteriotxopins was chiefly upon the bacteria or other 
cells phagocytized, not upon the leucocytes. Treatment by appropriate sera 
prepared bacteria or other cells for phagocytosis even after the removal of the 
serum. 

Study of the phagocytosis of particulate matter brought out the fact that a 
number of factors in the phagocytic system could influence the degree of phagocy- 
tosis. Thus phagocytosis of carbon particles suspended in sodium chloride solu- 
tion could be increased somewhat by addition of small amounts of caldum chloride, 
ethyl alcohol ox iodoform, and decreased by departure of the suspending 
sodium chloride solution from isotonicity (4). Alanganese dioxide particles 
showed an attraction for leucocytes and were very rapidly taken up by iem; no 
such attraction could be demonstrated for carbon or quartz particles (5). Effects 
on the activities of delicate living cells like leucocytes by factors in their environ- 
ment are not surprising. However, such effects are not comparable to the enor- 
mous increases in phagocj’tosis produced by the action of bacteriotropins on the 
cells to be phagocytized. 

Important progress was made by formulation of the interfadal tension relations 
in phagocytosis through the work of Rhumbler (6), Tait (7), and espedally of 
Fenn (8) . Fenn showed that in a given phagocj’tic s^-stem the amount of phago- 
cy^tosis was proportional to the number of collisions between leucocy-tes and 
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particles (9). The diance that any given collision ma}’ result in phagoc 3 'tosis 
would seem to depend to an important degree upon tlie intcrfadal tension rehlions 
at the colliding surfaces; these must be sucli tliat the leucocyte and particle will 
adhere and that the former will spread around and engulf tlie latter (8). It is 
understood, however, that the consistencj'^ of the protoplasm (10, 11, 12) of the 
leucocyte and possibly other factors may also enter into the phenomenon. 

If then the surface properties of cells are of great importance in determining 
phagocytosis, have sera any such effects on cell surfaces as might account for their 
opsonic and bacteriotropic efficiency? Much evidence has been accumulating of 
late years to indicate that sera do profoundly change the surfaces of cells with 
which they interact. Studies on bacteria (13), ei^^throcytes (14), and spermat- 
ozoa (15), using the method of cataphoresis, and on ei 3 'throc 3 dcs (16) and acid- 
fast bacteria (17), using a method dependent on interfacial tension, have shoum 
that all of these cells do, indeed, undergo certain characteristic changes in surface 
properties with serum sensitization. The present e.\periments indicate that these 
changes are intimately related to phagocj^tosis. 

The experiments described in this paper and tlie one immediately 
following represent the first stage of a study directed toward analysis 
of the mechanism of opsonin and bacteriotropin action in physical- 
chemical terms. They are intended to answer the question, “Wdiat 
changes do sera effect in acid-fast bacteria in preparing them for 
phagocytosis?” 


Methods. 

Various strains of acid-fast bacteria, treated with serial dilutions of 
normal and immune sera, have been studied as follows: — (1) The 
bacteria remained in serum dilutions overnight and the agglutination 
readings were then made for each tube. (2) The serum-bacterial 
mixtures were strongly centrifugated and the sediments were resus- 
pended by shaking until the untreated control tubes showed even 
suspension. (3) The sensitized bacteria were washed and their wet- 
ting or interfacial tension properties were then estimated in the interface 
reaction. The bacteria were observed microscopically in an oil-water 
boundary surface. (4) The cataphoretic velocit}'- of the washed, 
sensitized bacteria was measured in a microcataphoresis cell. These 
4 reactions together gave a picture of the cohesiveness, of tlie wetting 
properties, and of the surface potential difference of the bacteria tested 
for phagoc 3 dosis. (5) While such data ivere being obtained mixtures 
of rabbit leucocytes with, (a) bacteria and serum dilutions, or, (b) 
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sensi&edj washed bacteria were rotated in stoppered vials on a 
Robertson agitator (18). Smears were made from each mixture, 
fixed and stained, and 100 (or 200) leucocytes in each smear were 
observed microscopically. The percentage of leucocytes which had 
taken up bacteria was recorded. 

Such details of the several reactions as seem necessary are given 
below: 

Bacteria were removed with a platinum loop from the surface of a glycerol-agar 
slant. They were rubbed against the bottom of a Pjtcx test tube by a glass rod 
with rounded end. A few drops of 0.85 per cent sodium chloride solution were 
added after the first grinding, and the bacterial mass was rubbed up into a paste; 
this was diluted with 0.85 per cent sodium chloride with further grinding and shak- 
ing. This suspension was largely freed from dumps by centrifugation and brought 
to the desired turbidity with saline. 

L Agghttirtaiion, — 1 cc. of the bacterial suspension was mixed with 1 cc. of each 
serum dilution. The tubes were left in the ice-box over night and in the morning 
were usually removed to the 37® room for 30 to 60 minutes before reading. Ag^u- 
tination or sedimentation was read without shaking up the sediment, d- -f -k 
indicates complete agglutination with clearing, -k-k, -f and tr. indicate 

decreasing degrees of agglutination or sedimentation. The lesser degrees of 
agglutination recorded in many experiments with mammalian tubercle badlli may 
well have indicated only sedimentation and not maaoscopic agglutination, 
strictly speaking. Such sedimentation was never considered positive however, 
unless distinctly in excess of the sedimentation in the saline control tube. 

2. Rcstispeiisioiu — ^Under various special conditions, for instance with mammal- 
ian tubercle badlli, agglutination as ordinarily carried out is unsatisfactory. To 
meet these cases a modified agglutination or “resuspension” reaction has been 
developed (19) . After making the agglutination readings, all tubes were centrifu- 
gated at high speed until the bacteria were completely sedimented or practically 
so. The supernatant fiuid was decanted and two drops of 0.85 per cent sodium 
chloride solution were added to the bacterial sediment in each test tube. The 
tubes were arranged in a rack with the control tubes in the middle, f.e., tubes in 
which the bacteria had been mixed with 0.85 per cent sodium chloride solution 
uithout serum. Ihe rack was now shaken uniformly until the sediment in the 
control tubes was first brought into e\'en suspension. The bacteria which had 
been sensitized resuspended in fiocculi whose coarseness increased wdth the con- 
centration of serum and with the affinity of the serum components for the particu- 
lar bacteria used. 

']^is reaction has the advantage of eliminating certain imperfectly controlled 
variables in the second or flocculation stage of the agglutination reaction. The 
bacteria after sensitization are forcibly pressed together by centrifugal force. 
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Their subsequent rcsuspcnsion depends primarily upon and gives a roughly 
quantitative estimate of their cohesion. 

3* Interface Reaction , — ^Aftcr resuspension, 0.85 per cent sodium diloridc solu- 
tion was poured into each tube, all tubes were again centrifugated, the supernatant 
liquid was decanted, and the sediments were again resuspended. A portion of 
this sensitized washed suspension in each tube was used for the interface reaction 
(17) and a portion for cataphoresis. In tlic present experiments, the bacteria 
were observed microscopically in the interface between tricapr>din and 0.85 per 
cent sodium chloride solution. The degrees of alteration of the wetting properties 
of tlie bacteria after sensitization are charted as plus signs. 

4, Cataphoresis, — K slightly modified form of tlie Northrop-Kunitz (20) micro- 
cataphoresis cell was used. For details see (21). The cataphoresis cell was 
mounted over a dark-field condensor. Three readings were made at each of 3 
levels, namely, at and of the distance from the bottom to the top of the 
inside of the cell. A better technique used in the later experiments was to make 
3 readings at each of the 2 ^'stationary levels,*' namely, at and at of the 
inside depth of the cell (22). The algebraic sum of the rates of migration at the 
several levels was used for calculation. The cataphoretic velocity is given in 
fx per second per volt per centimeter fall in potential along the cataphoresis cell. 
If we make certain assumptions (23), which are not rigidly accurate, however, 
velocities may be converted into millivolts potential difference at the bacterial 
surface by multiplication by 12.6, 

Phagocytosis , — The importance of using serial dilutions of sera in careful phago- 
cytosis work has long since been demonstrated (3, 24), but has been neglected. 
Moreover much work in phagoc 3 dosis has been vitiated and discredited by the 
diiSiculties and uncertainties of the LeishmanA^^right opsonic index method. In- 
troduction of the beautiful technique of Robertson and his co-workers (18) has 
therefore marked an important advance. The Robertson apparatus has been 
adapted to the needs of the present experiments, and a technique for staining and 
handling several titration series at the same time has been developed. 

Leucocytes , — Exudative leucocj^tes from rabbits were used as the phagocytic 
cells according to a method elaborated in Hamburger's laboratory (25). They 
were obtained by injecting about 200 cc. of sterile 0.9 per cent sodimn chloride 
intraperitoneally (on the right side about the mid-clavicular line and midway 
between costal margin and pelvis) into a rabbit by means of a hollow needle 
attached to a rubber tube and funnel; after 3 to 4 hours about 80 to 100 cc. of the 
fluid w^as recovered by puncturing the peritoneal cavity with a stout (No. 15 bore) 
needle near the mouth of which a few side openings had been drilled. The fluid 
was received in a flask containing a solution of 0.7 per cent sodium chloride -f 
1.1 per cent sodium citrate in proportion of 3 parts of peritoneal fluid to 1 part of 
saline-citrate solution. (In order to obtain fluid very rich in leucocytes an injec- 
tion of 200 cc. of sterile 0.9 per cent sodium chloride solution was given on the 
evening before the experiment, to be followed in the morning by a second injec- 
tion as described above.) The suspension was centrifuged for 2 minutes at a speed 
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of 1100 revolutions per minute; the centrifuge ^as started and stopped gradually; 
the supernatant fluid was poured ofi and the sediment resuspended in 0.9 per cent 
sodium chloride and centrifuged again for 2 minutes at the same speed. About 
0.1 cc. of leucocytes were obtained from 15 cc. of peritoneal fluid. Usually the 
leucocytes from 3 rabbits were used, furnishing about 10 cc. of a very dense leuco- 
cytic suspension. Approximately 95 per cent of the cells were polymorphonu- 
clear leucocj'tes; disintegrated cells and large monocytes constituted the remmn- 
ing 5 per cent. The rabbits showed no ill-effects from the injection and with- 
drawal of fluid. The same rabbits were used weekly for 8 months. MTien 
leucocytes were obtained oftener a different series of rabbits was employed. 

Phagocyixc Mixiure.— Into a series of small hard-glass vials of uniform size 
(50 mm. in length, 9 mm. inside diameter), 0,1 cc. of serum dilutions was placed 
(a fresh pipette was used for each dilution to insure greater accurac>")« Imme- 
diatdy before adding 0.2 cc. of the leucocyric suspension (which was never more 
than i hour old), 0.1 cc. of bacterial suspension was introduced. Each of the 
vials contained, therefore, 0.4 cc. of fluid. They were stoppered with freshly 
paraffined well-fitting corks, and immediately placed on a Robertson rotating 
machine. The speed of rotation was 4 times per minute; the rotation was 
continued for 15 minutes. Temperature was that of the room, 25°il.5°C. At 
the end of this period the tubes were quickly placed in racks and plunged in ice 
water for several minutes. A minute drop of human serum (heated for 30 
minutes to 56®) was added to each vial immediately before making the spreads; 
this caused the leucocytes to adhere to the slide. The first vial of each series did 
not require the addition of serum. 

of Spreads . — Spreads were made on thoroughly cleaned and poHshed 
numbered glass-slides, A small drop of the mixture was placed near one end of 
the slide with a clean pipette, using a fresh pipette for each vial, and drawn across 
the slide by a spreader (a sUde with the comers broken off) ; the edge of the spreader 
was then dipped into a beaker of water and wiped clean and dry. The spread slide 
was rapidly dried by holding it before an electric fan which was standing in front 
of a radiator or electric heater. Rapid drying is essential for obtmning well-spread 
* non-contracted leucocy^tes. The dried slides were exposed for 2 to 10 minutes to 
formalin vapors (by placing them, spread side downwards) over fiat dishes con- 
taining undiluted formaKn. After removal from formalin vapors they were placed 
in a row and the flame of a Bunsen burner passed rapidly over them. 

The fixed spreads were stood in staining racks and placed for 10 
minutes in a covered jar containing Zlehl-Neelsen carbol-fuchsin previously heated 
to 70®C. They were then thoroughly rinsed in water. Each slide was decolorized 
separately by shaking it, with forceps, for 5 to 10 seconds in 10 per cent sulfuric 
add. (This was found to decolorize the cells satisfactorily; the badlli were 
brilliantly stained.) The slides were counterstained, usually for 20 seconds, in a 
1:10,000 Azure 31 solution; (the dilution was made from a more concentrated 
solution; the diluting distilled water was rendered slightly alkaline by adding 03 
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cc. of a 15 per cent sodium carbonate solution to each 200 cc. of water). The 
staining solution was always freshly prepared. Tlic slides were then rapidly 
washed, and dried, first between blotting papers and then bj’’ holding them in 
front of an electric fan (or placing them in the incubator). 

Eslimalion of Degree of Phagocytosis ? — The numbers of leucocytes tliat had 
ingested bacilli were determined by counting 100 cells (sometimes 200 cells). 
Each of two obsen'ers counted 50 (or 100) cells; the results agreed verj’’ closely. 
Care was taken not to regard mere adherence to tlie leucocyte as evidence of 
phagocytosis. In tlie vast majority of instances there was no doubt as to whether 
a cell had ingested bacteria or not. 

The agglutination, resuspension, interface and cataphoresis reactions were done 
at the Phipps Institute by one group of workers; portions of the sera and bacterial 
suspensions used in these tests were meanwhile sent to the otlier collaborators at 
the hledical School, by whom the phagoc}’tosis tests were made. The results 
w’ere not combined until both sets of obsen'ations had been completed. 

By use of tlie reactions and procedure outlined above we are able 
to follow changes in the cohesiveness, the surface potential difference 
and the wetting properties of the bacterial surfaces, and to compare 
these changes with the increase in phagocytosis brought about by the 
same sera on other portions of the same bacterial suspensions. Posi- 
tive resuspension and interface reactions each indicate increased 
cohesiveness between the bacteria of the suspension tested. A 
positive interface reaction indicates also bacterial surfaces less readily 
wet by oil than are those of the controls. The change (decrease) in 
surface potential difference is directly proportional to the decrease in 
cataphoretic velocity brought about b)'’ serum sensitization. Eacli 
of these changes in bacterial surface properties is closely correlated 
with the increase in phagocytosis brought about by serum, as ufll be 
shown in this and tire two succeeding papers. 

In Text-figs. 1 to 4 are plotted the titers for tire several reactions of 
the sera of 4 rabbits, as withdrawn during the course of active im- 
munization. The times in weeks between the beginning of the e.vperi- 
ment and the bleedings of the rabbits are plotted on the abscissa a.\'is.- 

* In the present stud 3 f phagocj'tosis is defined as ingestion of bacilli b}' pofimor- 
phonuclear leucocj’^tes; the effect on the bacilli ingested is not here under considera- 
tion, nor is the question of phagocytosis by other tj^es of cells tlian pobmoiphonu- 
dear leucocytes. 

- The sera were separated from the freshly clotted blood, and were inactivated 
for 30 minutes at 56°C. before use. The saline bacterial suspensions were ad- 
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Ilabbit' 19 - 72 , injected vrith df. dicIoncL 



Text -Fig. 1. The course o£ active immviidzation of a rabbit vritb turtle bacillus. 
Titers of the several reactions are plotted against time in weeks. Time of intra- 
venous injections of living antigen is indicated by arrows. Kote the parallelism 
between phagoc>'tosis and bacterial surface changes in this and succeeding text- 
figures. 
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Rabbit 20-02 injected with M. avium (Arloing strain). 
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Text-Fig. 2. Active immunization of a rabbit with an avian tubercle bacillus. 
The open circle (first cataphoresis titer) indicates titer not reached but estimated. 

Intravenous injections of saline suspensions of the living bacilli used 
for immunization are indicated by small arrows on this axis. The 


justed as nearly as possible by comparison with a turbidity standard to the same 
turbidity for each experiment; the living microorganism homologous with the 
antiserum was used for all tests. 
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RabVit 20-03, injected witii M. owm (Prague strain). 



Text-Fig. 3. Active uninuiiizatton. of a rabbit with an avian tubercle bacillus. 
Symbols as in Text-figs. 1 and 2, 


titers of the sera are indicated on the ordinate axis; the b'ghest dilu- 
tions of the sera giving clearly positive results are taken as titers; 
traces or doubtful reactions are not included. 

Text-figs. 1 and 2 show the course of active iininunization due to 
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Rabbit 20-37, injected with M. tuberculosis (Bovine III strain). 


Time fn Weeks 



Text-Fig. 4. Active immunization of a rabbit with an avirulent bovine tubercle 
bacillus. Symbols as in Text-figs. 1 and 2. 


4 weekly injections, the subsequent slight falling of titer, the titers 
after a 5 months interval and the rise following a final injection of 
tlie antigens. The rabbits yielding the data shown in Text-figs. 3 
and 4 died of intercurrent disease after the first immunization. 
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The general correspondence is very striking between the bacterial 
surface changes and the increase in phagocytosis brought about by 
the sera at aU the stages of immunization. The absolute titers for 
the several reactions do not necessarily correspond j this was to have 
been anticipated, however, since it had already been recorded, for 
instance, that the interface reaction was relatively insensitive (17), 
and that agglutination with mammalian tubercle badlK' (see Text- 
fig. 4) was unsatisfactory (19). An occasional point also is obviously 
off the correct curve (e.g., Text-fig. 2, interface value at 6 weeks). 
However the significant fact is the striking general parallelism of the 
titers indicating bacterial surface change and phagocytic increase; 
this parallelistn is, we believe, complete, within the limits of experi- 
mental error, 

InHuefice of the Intrinsic Properties of the Bacterial Surface , — Serum 
which prepares bacteria for^phagocytosis, then, has in approximate!}^ 
corresponding degree altered the bacterial surface properties, i.e., in- 
creased the cohesiveness, decreased the surface potential difference 
and altered the wetting properties. The correspondence between 
these bacteriotropic and surface effects strongly suggests that they 
are due to a common cause, namely, to deposition of a sensitizing 
substance or substances from the serum on the bacterial surface. It 
has already been shown that serum agglutination involves a surface 
deposition of serum components (26). 

It is of interest further to inquire: (a) whether phagocytosis and 
agglutination occur at a constant critical surface potential difference 
or whether a factor or factors other than potential difference enter 
into the determination of phagocytosis and ag^utination, and (b) 
whether phagocytosis and agglutination can be formulated in terms 
of the properties of the sensitizing substance alone or are dependent 
both on the properties of the sensitizing substance and on the intrinsic 
properties of the bacteria undergoing sensitization. These questions 
may be answered from the data in Table I. 

Table I gives the cataphoretic velocities at which phagocytosis and 
agglutination began, at which phagocytosis reached 50 per cent and 
at which agglutination approached completeness. Phagocytosis and 
agglutination are seen to begin and to reach the levels indicated within 



TABLE I, 

The Relation of Cataphoreiic Velocity to Agglutination and Phagocytosis. 


790 


OPSONIN AND BACTERIOTROPIN ACTION. I 


li 

•IS 

t>0 


•5+ 

tg-f 

'3jC> 

U) 4_ 


.cO o 

|S 

£ 

. a 


'SS 

rJ'Gi 


g.s 

w fco 

,C3'® 


:■§« 
in «> 

o,£? 

in rt 


K E 


> 

CN £ 


> 

ro f? 

VO 

d S2. 


00 (N C\ PO O to 
tH ^ VO 


^ o o o o o 


ro VO ^ 
in ^ 


^ O O O O 


O O VO CS O 

»o VO VO »n oo 

d d d d d 


> 

CO S 
00 ^ 


00 O Cn ^ VO 

^ m 00 o m 

Y-< ♦H o o o o 


T? 'O 'Cf TJ 
<u Cf c; cj 

^ rd ^ ^ 

U u u U 

^ o 3 S 




> 

a 


I 3 E 

1 de 


to ^ 
O 


moo 

VO 00 cs 


th *-1 o O »-< 


O O O 

Q VO VO m CO 
^ o d d d 




o Ti< m o 
to ro m o 



■t < O Ov 

o o m oo 

d d d d 


> 

a 

Cv 


'm o 0^1 m o 
to CO m o 


> 

so H 


ti< Tt< m to 
CO CO m cs 


> 

^ S 

cs to 


m c\ m m 

O CV 


> 

c s 

C\ cs 


S cs 

OO 

d d 


cs CO 
cs cv 




> 

s 

o 


> 

cs S 
cs lo 


> 

Ov ^ 
(N VD 


> 

a 


o cs ^ 

m 00 


m 

VO 


CS CO m OV 
cv t-f to cs 


CO o m c\ 

Tt* o ^ m 


CO m 
00 


CO 

o 


C) 


> 

CO ^ 
00 ro 


> 

S 

m o 




> 

c\ ^ 

O Tf< 


rs VO CO <0 
Ov vO C^ CO O Ov 


r-. C30 VO 

CO CO Cv m 


ri< VO Cv OO 
m CO CS CS 


^ m CO O CO 
O O y^ ^ V— ( 


«3 :3 a 

E H.2 

CS*o ® 


^ ^ cs to ^ VO ov 


r-t cs to 


^ cs to 


^ cs to ^ 


l-» ^ 

^•i 

8 i! 

» tn 
K tc 

CJ 

■ ’o 




.^2 t! 


VO C 

*o •> .S 

o ’S 

» V— ' W5 


.s 

‘3 

vn 

§ § 
*§ ^ 




rt 

'O 

t/J 

c3 


o 

W3 

to 

.£ 

‘?3 


W) C 
C o 

t> > 

w ■ 


cl 


Cl 

c 


to 
CO 
Cj 

,S 

ti 

3 rt 

CO . 

S' ^ 
J: > 
•T? o 

§ s 

.2 

o ^ 

fv ^ 

O o 

to ft 


o 'So 2 O 
:5 .2 ft'^ 

o 2 *o ^ 
a .2 

^ .s g 

f -a s 

.2 

*c^ 


^ a 

.5 


1-*-^ CJ 
^ w ^ 

n o o 

K S) ^ 0 

c '*5 M 8) 

J3 cs C 

a ^ -5 

N g, g 

^ to 1-1 g: 
O a O rj 

XS w O 
cl S ^ ^ 

M d £ -civ 

d ^ -z; ^ 

^ S p 

o ^ o 

*5 a 

§ -5 'a 

ci ^ ^ o 

. ft ^ 

> cl P 


to ^ 


d 


d 

<D 

> 

‘to 

o 

M 

d 

CS 

d 

d 


o 

d 

o 

s 

o 

tn 

o 

JC 


d 

J2 


d 

o 


'C 

o 




d u 

d S 
o > 

c .a 

o ^ 

a 

Ut 

d5 


CJ 

d 

o 


o 

ft 

cl 

4-> 

rf 

o 


d 

c - O 

.5 o 

C5 ^ a 

<y cn S 
to d O 

? cf 

d CJ d 

d rt 

jd d ^ 

>» rt -- 

^ tj ,5 
'd 5 

-5 r? 

d 


d 

s 

^ d 


d 

u 

u 

o 

d 

2 

'd 

d 

d 


CJ o 

.2 ^ 

O d f-^ 
M Cl CO 

o ^ to 

pd ^ d 
rt 

^ d d 


^ 5 -s 

u '*-* ft 
Odd 
^ *1^ 

CJ s! d 
> .d o 

CJ to <i> • 

£2 5 + 


£2 5 


+ 
+ 


o m 


d Tf< VO 


^ ^ 


d I 

d -h 

o 


a -s 

d 


CJ d d 


CO ^ 


>=< i 

a t 

-2 + 


d #9 -4- 

(j <j ” 

! fl (3 - 
)-()-( C 


5 S &'S 

0 I'Sa 

5 o 

1 S S 

rj d w ;d 

5 o s: 

S d o CJ 
d .d ^ ^ 

(J CJ « M 

1;? -S S *2 

J > ^ -g 

o CJ P CJ 
pjq ,d pG ^ 

H H H 



S. IXXJD'Dy B. LtrCK^, M. McCXTTCHEON, AND iT. STRTOHA (91 


fairly definite zones of surface potential difference,^ but the potential 
zones are different for the different organisms. Consider for instance 
the Arloing and Prague strains of avian tubercle bacilli of similar 
growth habit; the Arloing strain has a relatively high surface potential 
difference (average, 23 millivolts), and the Prague a low potential 
difference (average, 14 millivolts). The phagocytosis and agglutina- 
tion titers for the Arloing strain fall at 20 and 19 millivolts and for the 
Prague strain at 11 and 12 millivolts; phagocytosis of Arloing reached 
50 per cent at about 17 millivolts, of Prague at about 9 millivolts; 
agglutination approached completeness with Arloing at about 11 
millivolts, with Prague at about 8 millivolts. Yet in the highest 
concentrations of immune sera both strains were reduced to about the 
same potential difference. 

We conclude, therefore, (a) that phagocytosis and agglutination 
do tend to occur within certain zones of surface potential difference; 
since, however, these zones are differ&t for the different organisms it 
is obvious that another factor or factors than potential difference must 
enter into these phenomena. 

Further consideration of Table I and of other data leads to the con- 
clusion (b) that phagocytosis and agglutination cannot be formulated 
in terms of the properties of the sensitizing substance alone but depend 
both on the properties of the sensitizing substance or substances and 
on the intrinsic properties of the bacteria undergoing sensitization. 

Evidence pointing to this conclusion may be summarized as follows: 
Agglutination of Bovine HI never approached completeness although 
the surface potential difference of this strain was reduced well below 
the level required for +++ or ++++ agglutination of Arloing or 
the turtle bacillus {chclonci). This difficult agglutinability is char- 
acteristic for mammalian tubercle badlli in general, and has given rise 
to a number of artifices, e.g,, agglutination at high temperature, 
agglutination of a substitute strain (Arloing strain), and the resuspen- 
sion reaction (19). Phagocytosis of certain difficultly agglutinable 
strains of mammalian tubercle bacilli, on the other hand, may be high 
even without serum sensitization. This point is illustrated'in Table 

* Surface potential diSerence is measured by and is proportional to catapboretic 
velocity. 
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Bacteria sensitized and washed before testing. 
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n in which it is shown that a human tuberde bacillus of low viru- 
lence was phagocytized by 71 per cent of cells even without sensitiza- 
tion. Agglutination in the instance shown in Table II was slight 
although resuspension and cataphoresis showed the binding of agglu- 
tinin; the phagoc>iic prezone is characteristic of the aged serum used 
for sensitization; (see paper following). Tests with several other 
cultures of human tuberde badlli gave 50 per cent or higher phagocy- 
tosis in the unsensitized 0.85 per cent sodium chloride suspension 
controls. Phagocytosis of this high order in the iinsensitized controls 
has not been found with any type of add-fast bacteria other than the 
human tubercle bacillus, and has not been found with aU cultures of 
the human badllus. It has already been recorded that the human 
tuberde bacilli we have studied in the interface differ from other t}"pes 
of add-fast bacteria in their wetting properties (27). 

Phagocytosis and agglutination are thns dependent both upon the 
properties of the sensitizing serum substance or substances and upon 
the intrinsic properties of the bacteria themselves.'^ Serum sensitiza- 
tion tends to promote both phagocytosis and agglutination. The in- 
trinsic properties of the bacterium may be either favorable or unfav- 
orable to phagocytosis or agglutination and may' even influence the 2 
phenomena in opposite directions. Since agglutination is a matter of 
the cohesion of the bacteria themselves, and phagocytosis necessitates 
adhesion of the bacteria to, and engulfing by, leucocytes, the relative 
independence of the influence of the original intrinsic bacterial proper- 
ties on the 2 phenomena is not surprising. 


SUMMARY. 


Methods are described for investigating the relation between phago- 
cytosis of bacteria by potymorphonuclear leucocytes, and certain 
physical-chemical properties of the bacterial surface. 

Serum sensitization causes the following changes in the properties 
of add-fast bacteria: (a) increased cohesiveness, (b) decrease in 


However it is possible ^at with masmum sensitization by a strong homologous 
serum the deposited sensitizing substance may form a complete film enveloping 
the sensitized bacterium. We are not sure whether the sensitizing film ever be- 
comes complete or not. If it does, the original properties of the bacterial surface 
would doubtless no longer be factors in agglutination and phagoo-^tosui. 



794 


OPSONIN AND BACTERIOTOOPIN ACTION, I 


surface electric potential difference, (c) decrease in wettability of the 
bacteria by oil, and (d) increased phagocytosis. 

Tests have been conducted periodically with the sera of 4 rabbits 
under active immunization with as many strains of acid-fast bacteria; 
the parallelism between the alteration in bacterial surface properties 
and the promotion of phagocytosis by these sera has been, witliin the 
experimental error, complete. 

The percentage of phagocytosis of a given bacterial suspension has 
been found to depend botli upon the sensitizing serum component or 
components deposited upon the bacterium and upon the intrinsic 
properties of the unsensitized bacterial surface. 
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Properties akd in Phagocytosis Caused by Noeiiae 
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By BALDUK LUCKfi, J)., AIORTOX McCUTCHEOX, AIJD., MAX STRTOHA, 
J)., AKP STUART MUDD, :M.D. 

{From the Departmerit oj Pathology, and the Eenry Phipps Institute, University oj 
Pennsylvania, Philadelph ia .) 

(Received for publication, February 8, 1929.) 

The sera of rabbits under immunization have been shown in the 
preceding paper (1) to cause parallel eSects on the surface properties 
and the phagocytosis of acid-fast bacteria. Is this correspondence 
between the serum effects on surface properties and on phagocytosis 
a constant and necessary relation, or do drcumstances exist in which 
the two effects are dissociated? It can be said at once that, in our 
experiments at least, whenever a serum has promoted phagocytosis 
it has invariably also altered the properties of the bacterial surfaces; 
and the surface and phagocytic effects have been in rough quantitative 
correspondence at least. Exceptionally drcumstances have been 
found in which sera have altered bacterial surface properties, but have 
not increased phagocytosis. These failures of correspondence have 
all been with heated or aged sera or with sera of another spedes than 
the spedes from which the leukocytes were obtained. 

Bacierioiropins. 

Freshly drawn immune sera have regularly shown parallel bacterio- 
tropic and bacterial-surface effects. An illustrative experiment is 
given in Text-fig. 1. The intensities of the several reactions are plot- 
ted as ordinates, and the final serum dilutions as absdssse. It is seen 
that each serum when acting on its homologous strain caused increased 
cohesiveness (as indicated by the positive resuspension and interface 
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Text-Fig. 1. ^ Homologous and cross reactions between turtle and pseudoperlsucht bacilli and their corre- 
sponding rabbit iminune sera. Fresh sera heated to 56°C. for 30 minutes. Broken lines indicate that the titer was 
not reached. libers on horizontal axis indicate serum dUutions in powers of 4; thus 3 indicates a dilution of 
1 :4 or 1 : 64. There is a general correspondence between bacterial surface changes and phagocytosis. 
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reactions), altered ■w'etting properties (interface reaction), decreased 
surface potential difietence (cataphoresis), and increased phagocy- 
tosis. The antipseudoperlsucht serum caused strong surface and 
bacteriotropic effects when used with the turtle badllus {M. chelonei)^ 
and antichelonei senun gave moderate surface and bacteriotropic ef- 
fects with the pseudoperlsucht badllus. 

The familiar fact that bacteriotropic action is exerted upon the 
bacterium not upon the leucocyte is demonstrated in Table I. In 
this experiment the bacteria were sensitized and then washed and 
suspended in saline solution. It is seen that phagocjdiosis is efladently 
promoted by sensitization even in the absence of the sensitizing serum. 
The strains used were an avian and a bovine tuberde bacillus. Cross 
reactions are here almost as strong as those between homologous an- 
tigen and antibody; and again bacterial surface changes and increase 
in phagocytosis are in dose correspondence.^ 

Aged Ivwnnte 5cra.— Rabbit immune sera which had been kept in 
the ice-box without preservative for about 16 to 18 months were kindly 
put at our disposal by Dr. J. D. Aronson. These had been kept in 
large test tubes stoppered with cotton; accordingly they had undergone 
some evaporation. Moreover a heavy greyish predpitate had 
formed in the bottom of each, and most of the sera showed some opal- 
escence which could not be cleared by centrifugation. T3rpical effects 
produced by such sera are shown in Test-figs. 2 and 3. 

Prague badllus treated with homologous antiserum exhibits char- 
acteristic surface changes (Series A), (Text-fig. 2). Phagocytosis is 
also increased hut only in high dilutions of serum, reaching its maxi- 
mum at approximately 1'. 1000 and 1'4000 dilution. This surprising 
phagocytic prezone cannot be explained satisfactorily by postulating 
injury of the leucocytes by thd aged serum, as is shown by Series C, 
in which the same anti-Prague serum caused a moderate increase in 
phagocytosis without prezone, with milk bacillus, in correspondence 
with moderate bacterial surface changes.- The anti-milk-badllus 
serum udth homologous antigen caused strong bacterial surface 

* A graph of this expexirDent has appeared in Colloid symposiuin monographs (2). 

- The tubes of Series C v;ere contaminated xrith a coccus. This may have 
been responsible for the prezone in the resuspension reaction, which is not a 
usual finding. 
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Text-Fig. 2. Homologous and cross reactions between an avian tubercle baciUus and a saprophyte and their 
corresponding rabbit immune sera. Sera aged about 16 months. Symbols as in Fig. 1 . Note phagocytic prezones. 



B. BtrCK^, M. McCXTTCHEON, M. SXRUMIA, A2W S. JTODD 803 


1 

^ P 
P ‘ri 


^ Xl 


§ 


S 

o' 


■ ■ ■ 

■- 


1 


1 

> \ 

D 

0 1 


/ 

/ 

9 


u>s*JKJsnS3y 





Text-Fio. 3, Homologous and cross reactions between frog and milk bacilli and their corresponding rabbit im- 
ano sera. Sera aged about 16 montlis, and filtered before use. Symbols ns in Bg. 1. Note phagocytic prczoncs. 
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changes and enhanced phagocytosis, but again with a striking phago- 
cytic prezone. This serum, on the other hand, failed to increase 
phagocytosis of Prague bacillus, although it caused moderate surface 
changes (Series B). 

Anti-milb bacillus serum from the same source as in Text-fig. 2 was 
passed through a Seitz asbestos laboratory filter disc and used in the 
experiment represented by Text-fig. 3. It is seen that the percentage 
phagocytosis caused by the filtered serum is somewhat less than that 
caused by the unfiltered, and the phagoc}dic prezone has been almost 
abolished by the filtration (Series A). The milk bacillus serum was 
practically without effect either on the surface properties or the phago- 
cytosis of frog bacillus (M. ranx. Series C). Anti-frog-bacillus serum, 
which also had been filtered through a Seitz disc, caused surface 
changes and increased phagocytosis, with prezone, -ivith its homologous 
antigen (Series D). The anti-frog bacillus serum caused moderate 
surface reactions but no increased phagocytosis with the heterologous 
organism (Series B). 

Two conditions have been found, then, in which correspondence 
may fail between the effects produced by aged sera on the bacterial 
surface properties and on phagocytosis. Save for them the corre- 
spondence of surface and phagocytic effects has been satisfactory even 
with aged immune sera. These conditions are: 

1. The aged sera in all of 13 homologous series gave phagocytic 
prezones. Maximum phagocytosis was reached in serum dilutions 
which might be as high as 1:1000; phagocytosis in the lesser serum 
dilutions was far below the maximum or even absent. Prezones com- 
parable to this were not found with the surface reactions. 

2. The aged sera sometimes produced surface changes but no 
phagocytosis when reacting with heterologous bacterial strains, , Four 
out of 11 series gave this result; in the other 7 heterologous series 
correspondence between bacterial surface changes and phagocytosis 
was satisfactory. 

The Phagocylic Prezone with Aged Immune Sera . — ^Phagocytic pre- 
zones occurred, as has been said, in all of the homologous series with 
the aged immune sera; only one prezone occurred in a heterologous 
series. Moreover we have two clear experiments in which an aged 
serum gave a striking prezone with its homologous bacterial strain, 
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but caused phagocjlosis without prezone with a heterologous strain. 
The first example is given by Series A and C of Text-fig- 2. The 
second is given by Series A and C of Table H. Series B and D of 
Table II seem to be a third example, but this is less clear because of 
the irregularity of the phagocytosis in Series D. 

The results just cited indicate that the phagocytic prezone cannot 
be chiefly due to injury of the leucocytes by the aged sera or to other 
non-specific effect, but must be an expression of the properties of the 
spedfic combination of bacteria and sensitizing substances. The evi- 
dence leading to this condusion is strengthened by the observation 
that a phagocytic prezone may persist after washing the sensitized 
bacteria. In 4 series in which the sensitized bacteria were washed, 
some prezone persisted in 3; in the fourth series phagocytosis was 
practically abolished by washing. Two of the persistent prezones 
were, however, considerably diminished by the washing; one of 
these is shown in Table III. 

It is important to bear in mind that these phagocytic prezones with 
aged sera, however interesting and perplexing from a theoretical stand- 
point, are a distinctly artifidal phenomenon. Such prezones have 
practically not occurred, at least in our experience, with sera used 
within a few days of drawing the blood, whether the sera have been 
heated to 56®C- for 30 minutes or have been used unheated. Such 
fresh sera have almost invariably shown phagocytods at or near maxi- 
mum in the highest serum concentration used in this work, namely a 
final concentration of 25 per cent serum. 

The most marked prezone foimd with freshly prepared sera occurred in Rabbit 
20-02, at the end of its 3rd week of immunization with Arloing bacillus (1); the 
percentages of phagocytosis in the successive tubes in this experiment (the dHudon 
factor was 0.25 as usual) were 67, 72, 89, 97, 81, 26, 10, II, and control 11 per cent. 
This prezone was not present with the serum of the same rabbit the week before or 
after this experiment. ^Moreover the leucocytes were noted as agglutinated in the 
first tubes of this series; this probably explains the apparent prezone. 

There are good grounds for supposing that the protective power of 
some immune sera depends largely upon their efficiency in promoting 
phagocytosis (3). .The abnormal bacteriotropic behavior of the aged 
sera used in our experiments suggests a danger in dispensing old anti- 
bacterial sera for clinical use. 
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The EJJ'ed on Surface Properties and on Phagocytosis of Washing Bacteria Sensitized with Aged Serum. M. avium {Arloing Strain) 
Was Sensitized with Homologous Aged Rabbit Serum. In Series A Determinations Were Made in the Presence of Serum 
Dilutions; in Series B Sensitized Bacteria Were Washed to Remove Free Serum. 
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Opsonins. 

Rabbit Sera.— With, fresh, unheated sera of normal rabbits there has 
been excellent parallelism between the bacterial surface changes and 
opsonization. Bacterial cohesion has been increased, surface poten- 
tial difference reduced, wetting properties altered and the bacteria 
have been prepared for phagocytosis. The serum concentrations re- 
quired to give these effects are of course much higher than with 
immune sera. 

The lowest concentrations of normal serum which promoted phagocytosis were 
for sensitized, washed bacteria: 1 : 5 , 1:5, 1:5, 4:5, 1 : 5 , 4:5, and 1 : 5 ; one series in 
which the bacteria were washed failed to give phagocytosis even after sensitization 
with 80 per cent serum. For bacteria exposed to leucocy'les in thepresence of fxe^ 
normal sera the titers were somewhat hi^er, i.e., 1 : 16 , 1:16, 1:64 and 1 : 16 , 
The resuspension and cataphoresis titers have run on the average a little higher 
than the phagocytosis titers, the interface titers about the same, although all 
titers with these concentrated normal sera have tended to be irregular. 

With the sera of normal rabbits inactivated by heating to 56°C. 
for 30 minutes correspondence between bacterial surface changes and 
phagocytosis has not been good. In 7 series of bacteria sensitized 
with heated normal sera and washed, phagocytosis was not induced in 
any, whereas the surface changes were present, although to a less 
degree than after sensitization with unheated serum. In 28 series in 
which the bacteria were exposed to leucocytes in the presence of heated 
normal rabbit serum phagocytosis was induced in only about 16 
series, whereas the bacterial surface properties were altered to some 
degree in practically ail. 


Human Sera. 

Bacteria have been sensitized with fresh human sera, washed with 
0.85 per cent sodium chloride solution, and tested for surface changes 
and for phagocytosis by rabbit leucocytes. The sera tested were from 
7 non-tuberculous individuals, from 5 cases of pulmonary and 6 of 
bone or joint tuberculosis, as indicated in the protocols below. The 
characteristic changes in bacterial surface properties were regularly 
produced by these sera. Qualitatively the changes were not distin- 
guishable by the surface reactions from those produced by rabbit sera. 
Quantitatively the bacterial surface changes varied with the different 
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sera, but were usually a little greater than those produced by normal 
unheated rabbit sera. Yet in no case was a clearly demonstrable 
increase in phagocytosis by rabbit leucocytes caused by sensitization 
with human serum. 

Patients with Puhnonary TvbcrctiJosis . — (Sera made available through kindness 
of Dr. I. Kaufman.) 

A. L., female, Pulmonar}’' tuberculosis, moderately advanced, moderate 
symptoms, sputum positive; tuberculosis complement fixation, + + + +; AVasser- 
mann negative. Unheated and heated scrum tested in dilutions of 1:4, 1:16 and 
1 :64 with M, tuberculosis (Bovine III). 

E. G., female. Pulmonar)'- tuberculosis, moderately advanced, slight s>'mp- 
toms, sputum positive; tuberculosis complement fixation, negative; AVassermann 
negative; tuberculin, 0.00001 cc. 0, T., ++. Unheated serum tested in dilu- 
tions of 1 :4, 1 : 16, 1 :64 and 1 :256 with Bovine III. 

M. C., female. Pulmonary tubercubsis with apical rales; far advanced; severe 
symptoms; sputum positive. Unheated and heated serum tested in dilutions of 
1 :4, 1 : 16 and 1 :64 with Bo\dne III. 

B. R., female. Pulmonary tuberculosis with apical rales; far advanced, moder- 
ate symptoms. Tuberculosis complement fixation, negative; AA^assermann 
negative. Unheated and heated serum tested in dilutions of 1 :4, 1 : 16 and 1 :64 
with Bo\dne III. 

G. H., female. Apical tuberculosis; tuberculosis complement fixation + + ++; 
tuberculin, 0,00001 cc. O.T., +. AVassermann + + + +. Unheated serum tested 
in dilutions of 1 :4, 1:16 and 1 :64 witli Bovine III. 

Siirgical Tnlercidosis . — (Sera made available through kindness of Dr. George 
AVagoner.) 

Sera of A. A. and C. P. tested unheated in dilutions of 1 :4, 1 : 16, 1 :64, 1 :256 and 
1:1024. Other sera tested, unheated, in dilutions of 1:4 and 1:16. All sera 
tested, heated, in dilutions of 1 :4. Antigen for all series, il/. tuberculosis (Bo\dne 
III). 

A. A., male. Pottos disease of 4th, 5tli, 6th and 7th dorsal vertebra?. 

C. P., male. Pottos disease of 5th and 6th dorsal vertebra?. 

I. L., male. Lumbo-sacml spond 3 ditis, probabl}" tuberculous, numerous sinuses, 
pulmonary tuberculosis (?). 

J. S. Tuberculous left hip with sinuses; old pulmonary tuberculosis. 

A. S. Tuberculous spine and shoulder with sinuses. 

H. S. Tuberculous right wrist (?) . 

N on-Tuberculous IndivlduaJs . — 

Sera from 6 persons who came into the cliest clinic but were shown b}-- physical 
and laboratory examination to be free from clinical tuberculosis. Serum from a 
healthy university student. Tests as above with Bovine III or an avian tubercle 
bacillus as antigen. 
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These experiments failed to give exddence that any of the reactions 
nsed afforded a satisfactory^ means of distinguishing the sera of tuber- 
culous from those of non-tuberculous individuals. 

It is to be emphasized that the bacteria sensitized vrith human sera 
were in all cases washed before testing for phagocytosis in order to 
exclude the possibility of a direct toxic effect of human serum on the 
rabbit leucoc^^es. The leucocytes were shown to be capable of phago- 
cytosis by other series in the same experiments in which sensitization 
was produced by rabbit sera. A further* experiment was performed 
in which bacteria were first sensitized with unheated normal rabbit 
serum, then washed and resuspended in 1:500 human serum before 
testing for phagocytosis. This concentration of human serum was 
considerably higher than the amount which could have remained after 
washing of the bacteria sensitized even with the highest concentra- 
tions of human serum. Phagocytosis of the bacteria sensitized with 
rabbit serum occurred nevertheless in the presence of the 1:500 
human serum. 

The rabbit polymorphonuclear leucocytes can then differentiate 
with precision bacteria sensitized with human serum from those sen- 
sitized with rabbit serum, whereas our physical-chemical tests fail to 
make this differentiation. We believe phagocytosis to be dependent 
upon the spreading of the leucocyte about the bacterium primarily 
under the action of surface forces (1). This capacity of a leucocyte 
to differentiate the sensitizing substances of two mammalian spedes^ 
implies a very striking selectivity in the spreading or wetting require- 
ments of the leucocyte, which, however, is not wholly without analogy. 
Thus sponges have been separated into their component cells by 
straining through doth and the separated cells of different spedes 
have been mixed together. The cells creep about by amceboid motion 
until they meet and fuse with other cells of the same spedes. Syn- 
cytia composed of cells of each spedes but not of mixed spedes are 

® However* we have obtained abundant phagocytosis by rabbit leucoa'tes of 
tubercle bacilli sensitized with h\'penmmune antituberculous goat sera and washed 
with saline. Robertson and his collaborators obtained phagoev'tosis of pneumo- 
cocci by rabbit leucocytes suspended in rabbit serum to which human serum 
containing antipncutnococcus antibodies had been added (3). Kormal serum 
added to such rabbit serum leucoc>*te rabturcs did not cause phagoc>'tosis (3, 4). 
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thus formed (5). The spreading of fluids, in general, is known to be 
to some extent selective, and to depend both on the properties of the 
spreading surface and the surface spread upon (6). 

In the experiments with normal rabbit sera, then, excellent cor- 
respondence has been obtained between changes in bacterial surface 
properties and opsonic effects so long as fresh, unheated sera have 
been used. With heated normal rabbit serum or with human serum, 
heated or unheated, surface changes have been produced but phago- 
cytosis has often failed. It would seem then that the requirements 
for spreading of the leucocyte surface are so delicate that discrimina- 
tion occurs between sensitizing substances deposited on the one hand 
by fresh immune rabbit sera and fresh unheated normal rabbit sera 
and on the other hand by aged immune sera, heated normal rabbit 
sera and human sera. The fact may once again be emphasized that 
the failures of correspondence between bacterial surface changes and 
phagocytosis have all been failures of phagoc}dosis, and have all been 
found under extremely artificial conditions. Correspondence be- 
tween changes in bacterial surface properties and increase in phago- 
cytosis has been excellent when conditions in vitro have been made to 
imitate as nearly as possible conditions in vivo. 

CONCLUSIONS. 

The work reported in this and in previous papers (1, 7) demon- 
strates the following relations for acid-fast bacteria and rabbit 
polymorphonuclear leucocytes: 

1. The combination of a substance or substances present in fresh 
immune rabbit serum, heated or unheated, or in fresh unheated nor- 
mal rabbit serum, with a substance or substances in the bacterial 
surface causes an increase in cohesiveness, decrease in surface poten- 
tial difference and characteristic alteration in wetting properties of 
the bacteria, and prepares the bacteria for phagocytosis. 

2. (a) The effective substance or substances in the serum may 
become so altered as the result of heating or aging that combination 
with the bacterial surface, while causing changes in bacterial surface 
properties indistinguishable by the present physical-chemical tests 
from these just mentioned, way not lead to phagocytosis, or may lead 
to phagocytosis with a prezone not paralleled by a prezone in the 
changes in surface properties. 
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(b) Sensitization of bacteria vritb human sera causes changes in 
surface properti^ similar to those caused by rabbit sera, but does 
not lead to phagocytosis by rabbit leucocytes. The spreading re* 
quirements of rabbit polymorphonudear leucocytes are evidently 
highly selective. 
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(Received for publication, February 8, 1929.) 

This study is concerned mth three questions: first, the develop-- 
ment of circulating antibodies in primary tuberculosis in rabbits; sec- 
ond, the development of antibodies in rabbits reinfected with tubercle 
badllus while still incompletely recovered from a primary tubercu- 
losis; and third, as in the two foregoing studies, with the correlation 
between the effects on bacterial surface properties and on phagocytosis 
produced by the sera of the animals studied. 

The animals followed were taken from among those used by M. B. 
Lurie in continuation of his study of the fate of tubercle bacilli in the 
organs of the rabbit (1), Bacteriological data on these rabbits will 
be published later by Lurie. The titers of the sera of three groups 
of rabbits have been followed, each containing primarily infected as 
well as reinfected individuals. The sera were tested in all cases with 
suspensions in 0.85 per cent sodium chloride solution of a living bovine 
tubercle bacillus, Bovine III. This is an avirulent and now slightly 
atypical strain^ (2). The test suspensions were adjusted to match a 
turbidity standard. The methods used are those d^cribed in a fore- 
going paper (3), except that the interface reaction was omitted. The 
sera wxre heated for 30 minutes at 56°C. in all cases. 

* It was not practicable to use the infecting strain (Bo\niie C) as routine antigen 
in these tests because of the danger of infecting the workers. In a special experi- 
ment, however, li\ung Bo\dne C bacilli were shomi to exhibit tj'pical surface 
changes and increase in phagoc>*tosis as a result of serum sensitization. For ail 
practical purposes Bo\ine ELI was an homologous antigen. 
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Fig. 1. Response in antibody production following a single injection (indicated 
by arrow at top of chart) of living, virulent tubercle bacilli. Three rabbits with 
residual foci of tuberculosis (crosses), and 3 previously healthy rabbits (circles). 
Ordinates represent the greatest dilutions of serum giving clearly positive reac- 
tions. It is shown that the reinfected animals promptlj'' developed circulating 
antibodies strikingl}" in excess of those found in the course of primaty infection. 
The changes in titer during tuberculous infection as indicated bj'’ the bacterial 
surface reactions (resuspension and cataphoresis) and by phagocytosis were in 
approximate correspondence. 
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Group i.— RabWts 21-32, 21-33 and 21-37 mjected intravenouslj^ on I^Iay 17, 
1928, xvith 0,001 mg. per kilo body weight of a living virulent human tubercle 
badUus, Strain P-48A. X-ray of rabbits^ lungs, Oct. 24, 1928, showed for Rabbit 
21-32 slight, and for Rabbit 21-37 moderate disseminated pulmonary tuberculosis; 
lesions in Rabbit 21-33 were not certainly detectable by x-ray. These previously 
infected rabbits and normal Rabbits 22-17, 22-19, and 22-20 were injected intra- 
venously on Kov. 6 with 0.01 mg. of a living virulent bovine tubercle bacillus, 
Bovine C. The titers of the sera of the rabbits of this group are given in Text- 
fig. 1; the injections on Nov. 6 are indicated by arrows at the top of the chart. 
The titers represent the greatest dilutions of serum giving clearly positive reac- 
tions; doubtful reactions and traces are omitted as in the first paper (3). Cata- 
phoresis after sensitization with these relatively concentrated sera does not give a 
diarp end point; therefore in each experiment any value representing a change 
(decrease) of 20 per cent or more from the average cataphoretic velocity of the 
unsensitized bacteria of that e^qjeriment has arbitrarily been taken as positive. 

The most striking feature of Text-fig, 1, and also of the charts follow- 
ing, is the difference in response to injection of the reinfection and first 
infection animals. The titers of the two groups do not differ greatly 
before the injections of Nov. 6, although those of the infected animals 
tend to be a little higher. But a marked difference appears at the 
first bleeding 6 days after injection; the titers of reinfection Rabbits 
21-33 and 21-37 have clearly increased, whereas those of the first in- 
fection rabbits are essentially unchanged. Reinfection Rabbit 21-32, 
whose titers showed little change at the first bleeding on Nov. 12, was 
in bad condition at the time and died Nov. 13. 

An iucrease in titers appeared in each of the first infection animals 
at the second (Nov. 15) or third (Nov. 22) bleediug, respectively 9 
and 16 days after the injections. Although slight, this increase was 
so uniform in the 3 animals that we believe it to have been significant. 

The potency of the sera in changing the properties of the bacterial 
surfaces (resuspension and cataphoresis reactions) and in promoting 
phagocytosis are parallel, within the experimental error, as was foimd 
to be the case with sera of animals tmder active immunization (3), 
The ^'agglutination” reaction, shown in the uppermost lines, does not 
render a satisfactory account of the changes in the sera shown by the 
other reactions. It has already been pointed out that the ordinary 
agglutination technique is not satisfactory with mammalian tubercle 
badlli as antigen (4, 5), but that the resuspension reaction is a satis- 
factory detector of the binding of agglutinins by these badlli. Our 
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experiments thus afTord strong corroborative evidence of the paral- 
lelism of agglutinin and bactcriotropin content in sera (6, 7), not evi- 
dence contradicting such parallelism as might appear on first inspection 
of the charts. 

The sera of Rabbits 21-33 and 21-37, 16 days after reinfection, 
when active against Bovine III, were tested for specificity against 
M. chcJonci (turtle bacillus). They did not react to a significant 
degree witli M, chdonci. 

The autopsy protocols of the rabbits of this group are given below. 

Autopsies by M. B. Lurie. 

Rabbit 21-32, died Nov. 13, 1928, t.e., 7 days after reinfection. Lungs: moder- 
ate number of discrete, rather firm subpleural tubercles. Liver, spleen and bone- 
marrow: no tubercles. Kidne}’'; discrete tubercles in cortico-meduUar^^ region. 

Rabbit 21-37, killed Dec. IS, 1928, fc., 42 days after reinfection. Lungs: 
posterior portions have large caseous pus-containing cavities; anterior portions 
show discrete subpleural tubercles. Liver and bone-marrow; no tubercles. 
Spleen: enlarged, surface irregular, no clear-cut tubercles. Kidney": moderate 
number of cortical tubercles. 

Rabbit 21-33, killed Jan. S, 1929, i.c., 63 da^’^s after reinfection. Lungs: a few 
scattered fibrocaseous tubercles, 2 to 3 mm, in diameter. Spleen: enlarged and 
mottled, no tubercles. Kidney, liver and bone-marrow: no tubercles. 

Rabbit 22-20, killed Dec. 3, 1928, ix,, 27 da3's alter first infection. Lungs: 
numerous miliar}'' tubercles about 2 mm. in diameter with punctate caseous 
foci. Liver; minute punctate tuberculous foci. Spleen: numerous subcapsular 
tubercles about 1 mm. in diameter. Kidney; moderate number of cortical 
tubercles about 1 mm. in diameter. Bone marrow; a few discrete tubercles. 

Rabbit 22-17, killed Jan. 10, 1929, /.c., 65 days after first infection. Lungs: 
anterior portions almost entirely consolidated (diffuse caseous pneumonia); 
posterior portions show massive conglomerate miliar}'' tuberculosis; extensive 
communicating caseous foci. Liver: appears normal. Spleen; several tubercles 
3 to 4 mm. in diameter. Kidney: moderate number of discrete cortical tubercles. 
Bone-marrow: no tuberculosis. 

Rabbit 22-19, killed Jan. 11, 1929, ix,, 66 days after J?rs/ infection. Lungs: 
massive conglomerate miliaty tubercles, 1 to 10 mm. in diameter. Spleen: 
about 4 times normal in size; numerous reddish subcapsular tubercles, 2 to 3 
mm. in diameter. Liver: a few minute tubercles. Kidney: moderate number of 
cortical and corticomedullary tubercles. Bone-marrow: ill-defined tubercles. 

Two of the reinfection rabbits. Nos. 21-32 and 21-37, showed a 
moderate number of discrete lesions in lungs and kidney, in all prob- 
ability residual from the primary infection with tubercle bacilli of 
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human type. In the third reinfection rabbit, No. 21-33, the primary 
infection had been almost overcome/ leaving only a few scattered 
fibro-caseous tubercles in the lung. All 3 animals were highly resistant 

Rabbit 19-09, rein- Rabbit 19-11, rein- Rabbit 19-07, rein- 
fection, X fection, X fection, X 

Rabbit 22-49, first Rabbit 22-50, first Rabbit 19-23, rein- 
infection, O infection, O fection, X 



Fig. 2. Antibody production following single injection (indicated by arrow at 
top of chart) of living, \drulent tubercle bacilli. Four rabbits with residual foci 
of tuberculosis (crosses), and 2 pre\-iously healthy rabbits (circles). 


to the secondary" infection with bo\ine tubercle bacilli; no lesions cer- 
tainly referable to the second infection were found. 

A marked contrast to the reinfection animals was afforded by the 
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rabbits infected with bovine tubercle bacilli without pre\dous infec- 
tion with bacilli of human t}Tpe. In tliese the bovine infection ran 
its usual malignant course, causing after 2 months massive confluent 
tuberculosis of the lungs and involvement of the abdominal organs. 

Group 2 . — Rabbits 19-07, 19-09, 19-11 and 19-23 injected intravenously on 
Feb. 3, 1928, with 0.001 mg. per kUo body weight of a living, %'irulent, human 
tubercle bacillus. Strain P-48 A. These infected rabbits and normal Rabbits 
22-49 and 22-50 injected intravenously on Oct. 11, 1928, with 0.01 mg. of living 
virulent bovine tubercle bacillus. Bovine C. Injections on Oct. 11 indicated in 
Text-fig. 2 by arrows at top of chart. In Groups 2 and 3 cataphoresis values are 
taken as positive if they represent a decrease of 10 per cent or more from the 
average cataphoretic velocity of the unsensitized bacteria of the experiment in 
question. 

The increase in rate and quantity of antibody production in the 
reinfection rabbits as compared with the first infection rabbits again 
appears in Text-fig. 2. This difi'erence is marked between Rabbits 
19-09 and 22-49, less apparent between Rabbits 19-11 and 22-50. The 
reinfection rabbits in eacli case showed increase in titer by 11 days 
after injection; this increase was not consistently apparent 4 days 
after injection. No unequivocal increase in the titers of the 2 first- 
infection rabbits was detected within the 2 weeks after injection dur- 
ing which the experiment was continued. 

Rabbit 19-07 died 3 days after reinfection. The titers before re- 
infection were unusually high. Also the amount of pulmonary disease 
was unusually great for rabbits infected with so small a dose of human 
bacilli. Tliis association may have been coincidental, however. 

The serum of Rabbit 19-11, IS days after reinfection was tested for 
specificity against M. chehnei. It did not react significantly with 
M. chelond. 

Autopsies by M. B. Lurie. 

Rabbit 19-07, died Oct. 14, 1928, i.e., 3 days after reinfection. Lungs: extensive 
tuberculosis with cavitation; confluent subpleural lesions toward anterior margin. 
Pneumonia superadded in left lung. Liver: no tubercles. Spleen: no tubercles. 
Kidneys: 2 isolated tubercles in each. 

Rabbit 19-09, killed Oct. 26, 1928, i.e., 15 days after reinfection. Lungs: 
fibrocaseous consolidation of anterior margins. Lung elsewhere has a few discrete 
lesions. Liver, no tubercles. Spleen: enlarged and studded with firm grajdsh 
nodules. Kidney, no tubercles. Bone marrow: epiphysis of right tibia, caseous 
focus. 
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Rabbit 19-11, killed Nov. 8, 1928, i,e., 28 days after reinfection, Lmigs: 
moderate number of small glossy tubercles, 1 mm. in diameter, in both lungs, no 
caseation. Liver: fibrosis, but no tubercles. Spleen: enlarged; no gross tubercles. 
Kidneys: small number of pin-point tubercles. Bone marrow: no tubercles. 

Rabbit 19-23, killed Nov. 23, 1928, t.e., 43 da>'S after reinjection. Lungs: 
numerous discrete, subpleural tubercles, 3 to 4 mm. in diameter with ill defined 
caseous centers. Liver: no tubercles. Spleen: no tubercles. Kidneys: small 
number of ill-defined cortical tubercles. Bone marrow: .no tubercles. Fat 
depots remarkably well filled. 

Rabbit 22-50, killed Nov. 21, 1928, t.e., 41 days after jTrj/ infection. Lungs: 
massive conglomerate miliary tubercles, 3 to 4 mm. in diameter, with marked 
caseation in centers. Liver: pxmctate tubercles. Spleen: extensive miliary 
tuberculosis. Kidney: moderate number of cortical tubercles with central 
punctate caseation. Bone marrow: moderate number of tubercles. 

Rabbit 22-49, killed Dec. 12, 1928, i.e., 62 days after first infection. Lungs: 
massive, conglomerate, miliary tubercles with conspicuous caseous centers; 
almost complete solidification. Liver: lor 2 questionable pin-point fod. Spleen: 
riddled with tuberdes about 2 mm. in diameter. Kidneys: extensive cortical 
tuberdes, 3 to 4 mm. in diameter, raised as hemispheres above the surface; tuber^ 
des have conspicuous caseous centers. Bone marrow: several discrete tuberdes 
about 3 mm. in diameter. Animal well preserved. 

Group 3 , — ^Rabbits 16-13, 16-14, 16-20 and 16-22 injected intravenously on 
Oct. 17, 1927, with 0.001 mg. per kilo body weight of a living virulent human 
tubercle badllus, Strain P-48A- Rabbits 16-13 and 16-14 and normal Rabbits 
20-93 and 20-94 were injected intravenously on Apr. 18, 1928, with 0,01 mg. 
of living P-48A. Rabbit 16-22 and normal Rabbits 20-95 and 20-97 were in~ 
jected intravenously on Apr. 18, and Rabbit 16-20 on Apr. 20, 1928, with 0.01 
mg. of a living virulent bovine tubercle bacillus, Bovine C. Injections on Apr. 
18 and 20 indicated in Text-figs. 3 and 4 by arrows at top of chart. 

The rabbits of Group 3, (Text-figs. 3 and 4) were followed for a longer time, 6 or 
7 weeks, after injection. Unfortunately the titrations made before injections are 
not available for comparison and are not indicated in the figures; hximan tubercle 
badlh (P-48A), heated to 56°C. for 75 minutes, were used as antigen in the first 
titrations, and proved not to be satisfactory detectors. In the titrations plotted 
living Bovine III was used as antigen as in the other groups. 

The increased antibody content oi the sera of the reinfection rab- 
bits as compared -with the first infection rabbits is strikingly manifest 
in the majority of the titrations 7 days after reinfection and persists 
throughout the experiment. Although the titrations were quite ir- 
regular in this group, difierence between reinfection and first 
infection animals was brought out both by the bacterial surface re- 
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actions and by phagocytosis. Surface changes and phagocytosis again 
seem to be essentially concordant within the rather large experi- 
mental error. 


Rabbit 16-22, reinfection, X Rabbit 16-13, reinfection, X 

Rabbit 20-95, first infection, O Rabbit 20-93, first infection, O 



Fig. 3. Antibod}’’ production following a single injection (indicated by arrow 
at top of chart) of living, virulent tubercle bacilli. Two rabbits with residual 
foci of tuberculosis (crosses), and 2 previously healthy rabbits (circles). 


The titers of the first infection animals seem to show a slight but 
nevertheless definite upward trend especially during the latter weeks 
of the experiment. Supporting data for this conclusion are afforded 
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by a comparison of tbe titrations of the sera of these first infection 
rabbits on the 6th and 7th -week after infection vrith the titrations of 
6 normal rabbits included in the same experiments. The results of 

Rabbit 16-14, remfection, X Rabbit 16-20, reinfection, X 
Rabbit 20-94, first infection, O Rabbit 20-97, first infection, O 


Time n Weeks Time in V/e^ 



Fig. 4. Antibody production following a sin^e injection of living, virulent 
tubercle bacilli. Two rabbits with residual foci of tuberculosis (crosses), and 2 
previously healthy rabbits. Rabbit 16-20 injected 2 days later than the others 
(as indicated by arrow* at top of chart) . 

these experiments are given in detail in Tables I and II. A definite 
phagocj-tosis-promoting power is present in the highest concentrations 
of serum from the first infection animals which is absent in the nor- 
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TABLE I. 

Course of Tuberculous Injedion {6th Week), 

Details of experiment showing difference of response to virulent tubercle 
bacilli with respect to antibody formation. Three groups of rabbits are used: 
with residual foci of tuberculosis (reinfection), with primary infection (first infec- 
tion), and normal animals, serving as controls. 


Scrum dilutions 

Sodium 

chloride 

control 

1:4 

1:16 

1:64 

1:2S6 

1 1:1024 


Reinfection Rabbit 16-14. 


Agglutination 

++to + 

-{-“f" to -f- 

to + 

tr. 

0 

0 

Resuspension 

+++ 

++ 

++to + 

+ 

0 

0 

Cataphorcsis 

0.56 

0.95 

1.18 

1.37 

1.47 

1.69 

Phagocytosis 

39 

18 

16 

10 

7 

4 


Reinfection Rabbit 

16-20. 




Agglutination 

+ + to + 

H — h to -f- i 

++ to + 

+ 

0 

0 

Resuspension 

+++ i 

++ 

+ 

+ 

0 1 

— 

Cataphorcsis 

0.S2 1 

0.97 

1.22 

1.08 

1.46 

1.65 

Phagocytosis 

27 i 

16 { 

19 

13 

10 

4 


Reinfection Rabbit 

16-22. 




Agglutination 

+-f to -h 

to -f- 

++ to + 

+ 

BO 


Resuspension 

++ 

++to + 

+ 

0 

KM 


Cataphorcsis 

0.78 

0.93 

1.23 

1.68 


1.54 

Phagocytosis 

26 

18 

14 

7 

HI 



First Infection Rabbit 20-93. 


ArrMiitination 

++to-f 

+ 

+ 1 

-f- 1 

si. tr. 



Resii^'pcnsion 

si. tr. 

0 

0 



CataphoresT.t;. 

1.19 

1.21 1 

1.33 

1.46 


1.74 

Phnrrnrvfnsi*; 

14 

10 

4 

3 




1 






First Infection Rabbit 20-94. 


Agglutination 

to -f- 

+ 

tr. 

si. tr. 



Resuspension 

tr. 

0 

0 

0 



Cataphorcsis 

1.20 

1.33 

1.32 

1.43 


1.55 

Phagocytosis 

12 

5 

3 

2 
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TABLE I — CoiitiiiKcd. 



Serum dHutions 

Sodium 



chloride 


1:4 j 1:16 j 1:« | 1:256 

control 


First Infection Rabbit 20-95. 



4-4- to + 

to 4- 

4- 

si. tr. 

i 



0 

0 

0 




1.20 

1.38 

1.36 

1.47 

1.71 

pjiagocyfoqiq ^ 

12 

10 

3 

1 








First Infection Rabbit 20-97. 


Agglutination | 

4-'4-to-f 

4 — h to 4" 

-h to tr. 1 

sL tr. 

Resuspension 

4-4- to 4- 

4- to tr. 

0 1 

0 

Catapboresis 

1.31 

1.34 

1.40 1 

1.63 

Phagocytosis 

10 

5 

1 i 

3 


Normal Rabbit 21-28. 


Agglutination 


4 - 

i 

1 

sl, tr. 

Resuspension. 

0 

0 

0 

0 

Catapboresis 

1.11 

1.42 

1.42 

1.32 

Phagocytosis 

2 

4 

1 

1 1 

3 


Nonnal Rabbit 21-56. 


Agglutination 

4-4- to 4- 

4-4- to 4- 

i 

tr. 

0 


Resuspension 

-f 

tr. 

0 

0 


Catapboresis 

1.15 

1.35 

1.43 

1.54 


Phagocytosis 

4 

3 

3 

1 

1 



mal sera. A very slight and indefinite difference in the same direc- ‘ 
tion is suggested in the titers of the other tests. The loss of 
phagocytosis-promoting power of heated nonnal rabbit serum, 
which, however, is still able to alter the bacterial surfaces, has been 
discussed in the second paper of this series (8). 

The sera of Rabbits 16-20, 16-22, 20-93, 20-94 and 20-95 were tested 
on June 6, in serial dilution for specificity against typhoid bacilli. 
They did not agglutinate the typhoid bacilli, which were shown to be 
agglutinated by anti-typhoid serum. 

The autopsies in this group are in essential accord with those in 
Groups 1 and 2 and need not be given in detail. The reinfection 
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TABLE II. 

Course of Tuberculous Injecliou {^th Week), See Legend of Table L 


The experiment here shown gives details of results obtained 1 week after the 
experiment presented in Table I. 


i 



Scrum dilutions 



Sodium 

chloride 

control 

1:4 1 

1:16 , 

1:64 i 

1:256 

1:1024 

1:4096 


Reinfection 

Rabbit 16-20. 




Agglutination 

+ + to + 

“hd" to “h ! 

-f + to + 

+ 

0 

0 

0 

Resuspension 

+++ 

— h 1 

++ 

+ + to + 

0 

0 

0 

Cataphoresis 

0.88 

1.07 

1.38 

1,28 

1 34 

1.61 

1.62 

Phagocytosis 

37 

17 ] 

14 

i 

' 13 

1 6 

' 2 

1 


Reinfection Rabbit 16-22. 


Agglutination 

+ + to + 

++ to + 

to + 

+ 

0 1 

0 

0 

Resuspension 

+++ 

+++ 

++ 

+-f to + 

si. tr. 

si. tr. 

0 

Cataphoresis 

0.67 

0.90 

1,28 

1.50 

1.52 

1.59 

1.3S 

Phagoc^'^tosis 

37 

21 

19 

10 

1 5 

1 

I 2 


First Infection Rabbit 20-93. 


Agglutination 

Resuspension 

Cataphoresis 

Phagocytosis 

+ 

+++ 

1.32 

IS 

-j — |- to + 

++to + 
1.27 

7 

++to + 
sl. tr. 
1.58 

4 

+ to tr. 
si. tr, 
1.51 

6 

0 

si. tr. 
1.42 

3 

1 

1.57 

First Infection Rabbit 20-94. 

Agglutination 

Resuspension 

Cataphoresis 

Phagocytosis 

++to + 
++ 
1.26 

10 

++ to + 
+ 

1.28 

4 

++ to -f- , 
si. tr. 
1.36 

2 

1 

-f to tr. 
tr. 

1.36 

1 


1 

1.34 

First Infection Rabbit 20-95. 

Agglutination 

Resuspension 

Cataphoresis 

Phagocytosis 

++ 

++to + 
1.09 

13 

I ++ to + 
+ 

1.44 

10 

1 

+ 

si. tr. 
1.28 

5 


Rq 

1 
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Serum dilutions 


1:4 I 1:16 | 1:64 | 1:256 


Normal Rabbit 21-69. 




-b 

•b 

0 

Resuspension * • * • 

-f+to-b 

-b 

si. tr. 

si. tr. 

Cataphoresis 

0.91 

1.27 

1.35 

1.39 

Phagocytosis 

6 

2 

5 

i 



Normal Rabbit 21-73. 


Agglutination 


-b"b to + 

-b 

-b to tr. 

Resuspension 

-b to tr. 

-b to tr. 

si. tr. 

si. tr. 

Cataphoresis 

Phagocytosis 

1.32 

4 

1.30 

2 

1.36 

4 i 

1.42 


Normal Rabbit 21-75. 


Agglutination 

•bd- 

++to + 

tr. 

si. tr. 

Resuspension 

+-bto-b 

+ 

tr. 

si. tr. 

Cataphoresis 

1.09 

1.23 

1.39 

1.38 

Phagoc>'tosis 

2 

3 

0 



Normal Rabbit 21-77. 


Agglutination 


J- 

t 

•b 

Resuspension 

-b 

-b to tr. 

si. tr. 

Cataphoresis 

1.05 

1.28 

1.36 

Phagocytosis 

5 

3 



animals showed some residual tuberculosis in the lungs and kidneys, 
but no evidence of lesions due to the second infection. In the prima- 
, rity infected rabbits, the infection ran its typical course. 

DISCUSSION. 

An augmented capacity of animals to produce antibodies against 
antigens to which they had previously been immunized was demon- 
strated by Cole in 190-1. 

Cole (9) immunized rabbits by intravenous injection of living t>phoid bacilli 
and kept them until the resulting serum agglutinin titers had fallen to low values. 
Such rabbits on reinoculation with t>’phoid bacilli promptly produced antibodies in 
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considerable quantity in response to dosages which produced only negligible effects 
in normal rabbits. V, Licbermann and Accl (10) later demonstrated an aug- 
mented response in agglutinins and bactericidal antibodies in guinea pigs rein- 
jected with t}q3hoid bacilli. Dean and Webb (11) have reported the production of 
high titer antihorse sera in rabbits by two or more courses of injections at 2 or 
3 montlis intervals. A single course of 8 or 10 or more injections gave sera of 
inferior titers. Schneider (12) rcvaccinated (with vaccinia virus) rabbits whose 
antivirus titers from the first vaccination had fallen to low’ values. Although 
rcvaccination led only to negligible visible symptoms, prompt and considerable 
increase in antivirus titers w^as demonstrated. Opie and Freund (13) found that 
the production of precipitin against crj’-stalline egg albumin w^as accelerated and 
augmented in rabbits w^hicli had previousl}’^ been immunized with crystalline egg 
albumin and had no precipitins in their blood at the time of reimmunization. It 
has also been found that antibody titers in previously vaccinated or infected men or 
animals may rise in response to heterologous antigens (14, IS, 16, 17), a phenom- 
enon termed by Conradi and Biding the ^^anamnestisdie Reaktion.” 

The most detailed account of these phenomena now" available seems to be that 
of Bieling (18), who studied tlie production of antibodies in rabbits in response to 
injections of t}"phoid and of d 3 "sentery bacilli. Antibodies corresponding to the 
antigen first injected reappeared on later injection of either homologous or heterol- 
ogous antigen; heterologous antibodies reappeared at once, homologous antibodies 
after a latent period. 

One feature of tlie reactions described by Bieling suggests a relationship of these 
phenomena to that described b}" Lewis and Loomis (see below"). According to 
Bieling (18) rabbits previously immunized witli dysenter}" bacilli formed typhoid 
agglutinins in response to small injections of t3"phoid bacilli which W"ere without 
effect in normal animals. At the same time tlie dysentei^^ agglutinins again 
increase. The first specific immunization leaves behind therefore an increased 
capacity to respond to later injections whidi is non-specific. 

It has been, established, then, that an animal whicli has once pro- 
duced antibodies in response to a specific antigen may reproduce these 
antibodies more quickly or in greater amount or both in response to 
a later injection of the homologous antigen, and may even produce 
such antibodies in response to injection of a heterologous antigen.- It 
seems clear that this phenomenon is at least a factor in the augmented 

-In the piesent study the preliminary and reinfecting antigens used w"ere es- 
sentially homologous. For although tubercle bacilli of human t}"pe were nec- 
essaril}" used for the preliminary infection, w"hereas reinfection w"as in most 
instances w"ith bovine bacilli, human and bovine tubercle bacilli have repeatedly 
been found to be serologically indistinguishable. See (2) in which earlier refer- 
ences are cited. 
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production of antibodies against the tuberde badllus which we have 
denionstrated in animals with residual tuberculous fod. 

A phenomenon which may in part rest upon a common basis with 
the “anamnestic reaction” and which doubtless contributed to the 
augmented antibody production in our reinfection rabbits has been 
described by Lewis and Loomis (19). These authors found in tuber- 
culous animals a greatly increased capadty for antibody production 
in response to a cellular and also a badllary antigen. Other condi- 
tions than tuberculosis also -provoked to some degree this heightened 
“allergic irritability.” 

In the present experiments there has been found a slight and slowly 
developing production of antibodies in first infection rabbits which 
showed (20) a moderate and slowly developing resistance to tuberde 
badllij and a prompt production of antibodies in quantity in reinfec- 
tion animals found (20) to be highly resistant to the reinfecting 
tuberde bacilli. 

The rdation of antibodies to resistance in tuberculosis has recently 
been discussed by Opie (21). The present experiments suggest that 
an indreased capadty to produce antibodies may be a factor in the 
heightened resistance of previously infected tuberculous animals. 
However, definite condusions cannot be drawn at the present time. 
The chief purpose for which these experiments were conducted was 
the testing imder still another set of conditions of the relation between 
the changes brought about by sera in the surface properties and the 
phagocytosis of bacteria. The experimental error in these titrations 
was somewhat larger in proportion to the titers themselves than in 
the foregoing papers, but was not so large as to invalidate the inter- 
pretation of the results, even in the case of first infection animals. 
Within this error, complete correlation was again found between the 
effects of the sera in modif}dng the bacterial surface properties and in 
promoting phagocytosis, except in the case of heated normal sera; 
this exception had already been discussed. In experimental tubercu- 
losis, as in the other conditions studied, whenever a serum has pro- 
moted phagocytosis it has produced in roughly corresponding degree 
the characteristic alterations in the bacterial surfaces,— and, with the 
exceptions noted,— whenever the surface changes have been produced 
phagocytosis has been promoted. 
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We believe that we have shown, then, that serum sensitization of 
acid-fast bacteria consists in or involves the combination wth and 
deposition on the bacterial surface of a component or components 
which increase the cohesion, reduce the surface cliarge, alter the wet- 
ting properties and promote the phagocytosis of the bacteria. 
Further analysis of the process is in progress. 

Throughout this work we have had able technical assistance from 
Mr. H. J. Henderson. 


SUMMARY. 

Rabbits infected intravenously with virulent mammalian tubercle 
bacilli have in a majority of cases developed circulating antibodies to 
a slight but appreciable degree. The increase in titer was detected 
in one group of rabbits witliin the 2nd or 3rd week, in others dur- 
ing the 2nd month of infection. 

Rabbits with residual pulmonar}’- foci, resulting from infection 6 
months or more previously ■with human tubercle bacilli, on reinfec- 
tion with bovine tubercle bacilli promptly developed circulating anti- 
bodies strikingly in excess of those found during the course of primary 
infection. Such antibodies were present 6 or 7 days after reinfection. 

The clianges in titer during tuberculous infection as detected b)'’ the 
bacterial surface reactions and by phagocytosis were again, -within 
the experimental error, in .quantitative correspondence. The loss of 
phagocytosis-promoting power in heated normal serum involves an 
exception to this correspondence between surface and phagocytosis 
effects. This exception has already been discussed 'in an earlier 
paper (8). 
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TRANSMISSION OF RESPIRATORY ANAPHYLAXIS 
(ASTIBIA) FROM MOTHER TO OFFSPRING."' 

By BRET RATNER, M.D., akd HELEN LEE GRXJEHL. 

{From the Departmenfs of Immunology and PediairicSy TJnhersUy and Belkvtie 
Hospital Medical College, Ncio York Unkersity, New York.) 

(Received for publication, Januar>^ 16, 1929.) 

In the past it has been thought that nasal sensitization could be 
brought about only through the insufi3ation of solutions. Through 
work recently reported we'have proved that nasal sensitization can be 
induced by the inhalation of a dry substance (horse dander). We 
have demonstrated^ that when guinea pigs are subjected to an organic 
dustdaden atmosphere, they become sensitized, after a certain incuba- 
tion period, to the substance which they have inhaled. We have 
termed this type of hypersensitiveness “respirator}’’ anaphylaxis.^^ 

In a further series of studies- it was shown that a guinea pig sensi- 
tized by parenteral injection prior to or during pregnancy will sensitize 
her offspring in utero — passively or actively — and that this mechan- 
ism is traceable to the permeability of the placenta. 

It has now become of interest to determine whether a pregnant 
animal made sensitive by inhalation, can transmit sensitizing sub- 
stances to her fetus in utero. 

EXPERIMENTS. 

For these experiments, mature female guinea pigs were kept in our 
animal house for a number of weeks. In no instance was any evidence 

* Preliminar}” report, Proc. Soc. Expcr. Biol. & Med., 1928, xxvi, 8. This work 
is being carried on under ‘^The Crane Research Fund for the Study of Allergic 
Diseases in Children.” 

^ Ratner, B., Jackson, H. C., and Gruehl, H. L., Proc. Soc. Exper. Biol. & Med., 

1925, xxiii, 16, 17; Aw. J. Dis. Child., 1927 .vrxiv, 23. Ratner, B., and Gruehl, 
H. L., Proc. Soc. Expcr. Biol. & Med., 1928, xxv, 661. 

•Ratner, B., Jackson, H. C., and Gruehl, H. L., Proc. Soc. Expcr. Biol. & Med., 

1926, x\iii, 327; /. Immunol., 1927, xiv, 249, 267, 275, 291, 303. 
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of dyspnea observed. After this period of observation, the animals 
were placed in cages with normal males for mating and then exposed 
to -horse dander dust — in a manner previously described® — during 
various periods of time. In certain instances conception occurred 
prior to the period of sensitization. Hence it came about that we had 
mothers which had been sensitized to horse dander dust either before 
or during pregnancy. After varying intervals of time, these pregnant 
animals were again placed in contact with horse dander dust and in 
the majority of instances they manifested definite respiratory anaphy- 
laxis (asthma). 

Soon after birth, the offspring of these mothers were brought into 
contact with horse dander dust and their reactions on first contact 
with this substance noted. 1 hour later both the mothers and their 
offspring were given an intravenous injection of an alkaline extract 
of this horse dander,^ in order to test whether such respiratory dis- 
turbances as had been observed were anaphylactic in nature. The 
details of our experiments are given in the following protocols. 

PROTOCOLS. 

Family 1. 

Female 1030 (510 gm.) was placed in the inhalation chamber and exposed 
to the horse dander dust for a total of 9 hours between Nov. 21, 1927 and Dec. 1, 
1927; in no instance was there any evidence of dyspnea. On Feb. 16, 1928, or 
months later, she was placed in the initiation chamber and showed severe con- 
vulsions and marked dyspnea — definite respiratory anaph 3 da.xis. At varjdng 
intervals of time she was again brought into contact with tliis dust and exhibited 
definite S 3 ’mptoms of respiratory anaphyla.xis. On May 10, 1928 she gave birth 
to 2 offspring. 

Offspring 1454, 1455 (90, 100 gm.), when 5 days old, on May 15, 1928, each' 
received an intravenous injection of 0.5 cc. dander extract and both died in typical 
anaphylactic shock. 

Mother on the same day was given 0.5 cc. dander extract intravenously and 
also died in t3T3ical anaphylactic shock with lungs typically ballooned. 


® Ratner, B., Jackson, H. C., and Gruehl, H. L., Ain. J. Dis. Child., 1927, x.x.xiv, 
23. 

Ratner, B., Jackson, H. C., and Gruehl, H. L., Am. J. Dis. Child., 1927, x\'.xiv, 
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Family 2. 

Female 1311 (640 gm.) was sensitized by esposure to horse dander dust for 8 
hours from Jan. 20, 1928 to Jan. 28, 1928. On Feb. 13, 1928, 24 daj-s after her 
initial exposure, she gave birth to 1 pig. 

O^spring 1344 vrhen 4 days old was placed in the inhalation chamber and showed 
defirite evidences o£ moderate respiratory anaphylaxis. 

3ro//zer.— This guinea pig again became pregnant shortly after the previous 
confinement and at var>*ing intervab, on being placed in the inhalation chamber^ 
showed evidences of marked respiratory anaphylaxis. The second litter of 3 
offspring was bom on July 11, 1928. 

Offspring-second, litter— 1516, 1517, 1518 (65, 70, 85 gm.) were placed in the 
inhalation chamber when 1 day old and all had marked respiratory anaphylaxis. 
This respiratory anaphylaxis was much more severe than that exhibited by the 
offspring of the first confinement. On the same day each received an intravenous 
injection of 0.3 cc. dander extract and all died in typical anaphylactic shock. 

ifo(kcr (795 gm.) on the same day manifested marked res:piratQry anaphylaxia 
when placed in the inhalation chamber and on intravenous injection of 0.5 cc. 
dander extract showed profound anaphylaxis, dyspnea and collapse with final 
recovery. 


Family 3. 

Female 1509 (745 gm.) was exposed to horse dander dust for 6 hours in all from 
hlay 31, 1928 to June 6, 1928 and showed no signs of dyspnea during the exposures. 
3 weeks after the initial exposure, on June 20, 1928, $he was again placed in 
the inhalation chamber and showed marked respirator>’’‘ anaphylaxis. This re- 
spiratory anaph 34 axis was manifested at another contact with horse dander. 
On July 26, 1928, a little less than 2 months after the initial sensitizing exposure, 
the animal gave birth to 2 offspring. 

offspring 1594 and 1595 (80 gm. each) when 1 da>^ old were placed in the in- 
halation chamber and manifested marked symptoms of respiratory anaphylaxis. 
On the same day each received 0.3 cc. dander extract intravenously following 
which both died in t>’pical anaph^dactic shock. 

Mother on the same day, when placed in the inhalation chamber, exhibited 
moderate respiratory anaphjdaxis and on intravenous injection of 0.5 cc. dander 
extract showed unmistakable signs of anaphylaxis — collapse, dj^spnea, suffusion 
of the eyes, with final recoverj’. 

Families 4 and 5 gave similar results. 

Family 6, 

Female 1217 (550 gm.) was sensitized in the inhalation chamber for 9 hours 
from Nov. 21, 1927 to Dec. 1, 1927 with no evidences of d^’spnea. Mlien again 
placed in the inhalation chamber on Feb, 16, 1928 she showed marked respirator^' 
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anaphylaxis. This respiratory anaphylaxis was repeated at various intervals 
whenever tlic animal was placed in tlie inlialation cliamber. On Sept. 3, 1928 she 
gave birth to 2 offspring, 

Offsprvig 1626, 1627 (125; 120 gm.) when 10 days old, on Sept. 13, 1928, were 
placed in tlie inhalation chamber for the first time and showed marked evidences 
of respirator}^ anaphylaxis. Offspring 1626 gave a very profound reaction. It re- 
covered, however, and after an intravenous injection of 0.3 cc. dander extract 
it showed only marked anaphylaxis with recoveI 3 ^ On tlic otlier hand Offspring 
1627, which was not so profoundly affected in the inhalation chamber, died in 
acute anaphylactic shock after an intravenous injection of 0.3 cc. dander extract. 

Mother on the same day showed moderate respiratory anaphylaxis in the in- 
halation chamber and after an intravenous injection of 0.5 cc. dander extract 
exhibited definite anaphylaxis witli recovery^ 

Family 7. 

Female 1466 (740 gm.) was sensitised in the inhalation chamber for 3§ hours 
from May 24, 1928 to May 29, 1928 and showed no dyspnea at all. When again 
placed in the inhalation chamber on June 13, 1928, 3 weeks after the initial 
exposure, she had no evident reaction. On June 28, 1928, she gave birth to 2 
offspring. 

OFspring 1512, 1513 (60, 65 gm.) when 12 hours old were placed in the in- 
halation chamber and showed profound respiratory anaphylaxis. Intravenous 
injection of 0.3 cc. dander extract produced death in Offspring 1512 and marked 
anaphylaxis — convulsions, collapse, dyspnea — with recovery in Offspring 1513. 

Mother .' — It is interesting that the mother when placed in the inhalation cham- 
ber on the same day w'as still negative and showed only slight symptoms of anaphy- 
laxis after an intravenous injection of 0.5 cc. dander extract. 

Family S. 

Female 1467 (610 gm.) was placed in the inhalation chamber for 3 J hours from 
May 24, 1928 to May 29, 1928 and showed no signs of respiratory anaph 3 daxis. 
On June 13, 1928, after an incubation period of 3 weeks, when again placed in the 
inhalation chamber, she was negative. 2 weeks after this, however, when 
placed in the inhalation chamber she demonstrated marked respiratory anaphy- 
laxis. On July 21, 1928, a little less than 2 months after tlie beginning of sensi- 
tization, she gave birth to 3 offspring. 

Of spring 1583, 1584, 1585 (50, 85, 75 gm.) when 3 days old, on July 24, 1928 
showed moderate dyspnea when placed in the inhalation chamber and moderate 
signs of anaphylaxis after an intravenous injection of 0.3 cc. dander extract. 

Mother on the same day in the inhalation chamber and after an intravenous 
injection of 0.7 cc. dander extract, showed the same moderate symptoms as did 
the offspring. 

Families 9, 10, 11 and 12 gave similar results. 
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Family 13. 

Female 1460 (700 gm.) was exposed to dander in the inhalation chamber for 
i hour on May 23, 1928 and i hour on May 24, 1928 and showed no d>-spnea. ^ THs 
animal gave birth to 2 offspring on May 25, 1928, the 2nd day after the initial 
exposure. 

OJfspriiig 1482, 1483 (215, 210 gm.) when 27 days old. on June 21, 1928, Tvere 
both put in the inhalation chamber. Offspring 1482 showed marked respirator^’ 
anaphylaxis and after intravenous injection of 0.5 cc. dander extract died in 
t>T)ical anaphylactic shock. Offspring 1483 was practically negative in the cage 
but after an intravenous injection of 0.5 cc. dander extract manifested moderate 
anaphylaxis with recovery. 

Mother on the same day— -28 days after her initial exposure to dander— was 
placed in the inhalation chamber and was negative. On the same day she showed 
definite anaphylaxis with recovery after an intravenous injection of 0.5 cc. 
dander extract. 


Family 14, 

Female 1265 (400 gm.) was exposed to dander in the inhalation chamber for 11 
hours from Dec. 22,* 1927 to Jan. 13, 1928 with no signs of dyspnea. On Jan. 16, 
1928, 25 days after the initial exposme to dander, she gave birth to 2 offspring. 

OF^pring 1308, 1309 (190, 150 gm.) on Feb. 7, 1928, when 22 days old, were not 
placed in the inhalat'on chamber but were each given an intravenous injection of 
0.5 cc. dander extract. Offspring 1308 was practically negative and Offspring 1309 
showed only suffiision of the eyes. 

Mother on the same day, however, when given an intravenous injection of 0.5 cc. 
dander extract had convulsions, collapse, marked dyspnea and died in tj’pical 
anaphylactic shock after collapse for about { hoxir. 

Family 15. 

Female 1173 (540 gm.) was exposed to dander in the inhalation chamber for 
10 hours from Nov. 7, 1927 to Kov. 19, 1927 with no signs of dyspnea. On Feb. 
16, 1928, 3§ months after the initial exposure, when again placed in the inhalation 
chamber, this animal showed definite respiratory anaphylaxis. She was placed 
in the inhalation chamber at 2-week intervals throughout her pregnancy and each 
time e.xhibited marked respiratoiy’ anaphylaxis. On July 13, 1928 this animal 
gave birth to 1 offspring. 

Ofspritig 1541 (130 gm.) on July 19, 1928, when 6 daj'S old, showed moderate 
dyspnea in the inhalation chamber and after intravenous injection of 0.3 cc. 
dander extract had marked anaphylaxis with collapse and final recover^". 

Mother on the same day was negative in the inhalation chamber and also after 
intravenous injection of 0.5 cc. dander e-xtract. 
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Family 16, 

Female 1461 (580 gm.) was exposed to dander in the inhalation chamber for 4 
hours from May 23, 1928 to May 29, 1928, with no evidence of dyspnea. On 
June 8, 1928, 16 days after the initial contact with dander, she gave birth to 3 
offspring. 

OJJspring 1493, 1494, 1495 (120, 130, 130 gm.) when 13 days old, on June 21, 
1928, were placed in the inhalation cliambcr for the first time and were negative. 
Each animal received an intravenous injection of 0.5 cc, dander e.xtract on the 
same day; Offspring 1493 was negative, Offspring 1494 and 1495 each showed 
moderate anaphylaxis with recover}"* 

Mother on the same day was placed in the inhalation chamber and had typical 
respiratory anaphylaxis. After an intravenous injection of 0.5 cc. dander ex- 
tract she showed t}T)ical anaphylaxis with recovery. 

Family 17. 

Female 1408 (840 gm.) was exposed to dry horse dander for 6 hours from Mar- 
15, 1928 to Mar. 21, 1928 and showed no signs of dyspnea. This sensitization w^as 
prior to pregnancy. This animal was placed in the inhalation chamber at 2-week 
intervals and was negative until about 1^ months before confinement when she 
began to develop symptoms of moderate respiratory anaphylaxis. On July 30, 
1928, 4 offspring were born, 

OJfspring 1596, 1597, 1598, 1599 (80, 60, 75, 70 gm.) when 1 day old, on July 31, 
1928, were placed in the initiation chamber and all showed only suggestive 
S 3 ^mptoms of respiratory anaphylaxis. On intravenous injection of 0.3 cc. dander 
extract each again showed only suggestive sjonptoms. 

Mother on the same day when placed in the inhalation chamber and also after 
intravenous injection of 0.5 cc. dander extract demonstrated only suggestive 
symptoms. 


Family IS. 

Female 1463 (600 gm.) was placed in the inhalation chamber for 3 J hours from 
May 24, 1928 to May 29, 1928 with no s 3 TQptoms of dyspnea. On June 18, 1928, 
25 days after the initial exposure, when again placed in tlie inhalation chamber 
she showed signs of moderate dyspnea but when subsequently placed in the in- 
halation chamber at various intervals, there were no signs of dyspnea. On Jul}'' 
24, 1928, 2 months after the beginning of sensitization, 3 offspring were born. 

OJfspring 1586, 1587, 1588 (75, 70, 75 gm.) were placed in tlie inhalation cham- 
ber when 2 days old, on July 26, 1928, and gave a slight to negative reaction. On 
the same day an intravenous injection of 0.3 cc. dander extract brought forth no 
anaphylactic reaction. 

Mother on the same day showed no symptoms of anaphylaxis after exposure 
to dander and none after intravenous injection of 0.6 cc. dander extract. 
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Family 19, 

Female 1469 (520 gm.) was placed in the inhalation chamber for 3 J hours from 
Alay 24, 1928 to 'Mzy 29, 1928 and showed no d>^nea. On June 7 , 1928 she gave 
birth to 2 offspring. 

OJs^ring 1491, 1492 (55, 35 gm.) were placed in the inhalation chamber when 
1 day old, on June 8, 1928, and were both negative. They showed no signs of 
anaphylaxis after an intravenous injection of 0.3 cc. dander extract. 

Molher was negative when placed in the inhalation chamber on the same day 
and also after an intravenous injection of 1 cc. dander extract- 
Families 20, 21 and 22 gave similar results. 

Family 23, 

Female 1473 (510 gm.) was placed in the inhalation chamber for 6 hours from 
May 31, 1928 to June 6, 1928 with no signs of d>"spnea. On Jrme 20, 1928, 20 days 
after the initial contact, she was again placed in the inhalation chamber and was 
negative. On June 23, 1928, 2 offspring were bom. 

Of spring 1494, 1495 (60, 55 gm.) were placed in the inhalation chamber on 
June 26, 1928, when 3 days old, and were negative. The3^ were also negative 
after an intravenous injection of 0.5 cc. dander extract. 

Mother on the same day was negative in the inhalation chamber and after in- 
travenous injection of 0.5 cc. dander extract. 

Families 24, 25 and 26 gave similar results. 

ANALYSIS OF PROTOCOLS. 

As controls for these experiments we had 11 new-born animals 
which manifested no signs of dyspnea when exposed to dander in the 
inhalation chamber. These animals were injected intravenously with 
horse dander solution and manifested no reaction after the injection. 
This indicates that only specifically sensitized new-born animals will 
e\ddence anaphylactic s3miptoms. The adult guinea pigs have been 
shown to be non-sensitive because none of them manifested any signs 
of d}"5pnea during the period of sensitization. 

In Family' 1 we have an animal sensitized by^inhalation of dry horse 
dander before pregnane}’' which, at various times throughout her preg- 
nane}’’, was brought into contact with this dust and manifested severe 
respiratoiy anaphylaxis (asthma), ^\^len her offspring were 5 days 
old and were given an intravenous injection of dander extract, they 
died in acute anaphylactic shock. These 2 offspring demonstrate 
that an animal sensitized merely by inhalation and which has had 
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— No reaction. 

+ — Slight symptoms of anaphylaxis. 

+ Moderate symptoms of anaphylaxis. 

+ + Marked symptoms of anaphylaxis. 

^ -j. ^ Typical anaphylactic death with distended lungs. 

840 














BEET RATNEE AND HELEN LEE GEUEHL 


841 


TABLE X— Concluded. 
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respiratory anaphylaxis during pregnancy can give birth to offspring 
which are sensitive to the same substance. 

Families 2, 3, 4 and 5 demonstrate the transmission of respiratory 
anaphylaxis from motlier to offspring, that is, the offspring, when 
exposed to horse dander for the first time gave evidence of respiratory 
anaphylaxis. 

Families 6, 7, 13 and 16 also demonstrate the transmission of 
respiratory anaphylaxis from a mother to her offspring but show in 
all instances a varying degree of sensitization in the offspring. In 3 
families 1 offspring died in anaphylactic shock while the other off- 
spring showed anaphylaxis with recoveiy. In Family 16, 1 offspring 
was entirely negative while the other 2 showed moderate anaphy- 
laxis. In this last case the mother was strongly anaphylactic. 

In Families 8, 9, 10, 11 and 12 we have instances of respiratory 
anaphylaxis to a more moderate degree in both mother and offspring 
than has been evidenced in the above families. 

Family 13 demonstrates active sensitization of a fetus in utero.® 
The mother was exposed to tlie horse dander dust for 1 hour only. 
2 days after her initial contact she gave birtli to 2 offspring. These 
offspring were permitted to live in a normal environment for 27 days 
and were then exposed to dander in the inhalation ciiamber for the 
first time. They showed marked respiratory anaphylaxis (asthma) 
in the inhalation chamber and 1 died when given an intravenous 
injection of dander extract. Here we have an instance of the transfer 
not of antibodies from a mother which has suffered from respirator}'’ 
anaphylaxis during pregnancy, but the passage of antigen through the 
upper respiratory tract into the mother’s circulation and thence into 
the circulation of the fetus. In the fetal blood this antigen brings 
about the development of active sensitization after a shitable incuba- 
tion period has elapsed. 

In Families 14 and 16 we have instances in which the mother was 
profoundly sensitive and the offspring were only moderately sensitive. 
The only symptoms of anaphylaxis shown in Family 14 was that of 
suffusion of both eyes of 1 offspring. The symptoms of suffusion 
were also shown by Animals 1509 and 1479.® 

® Ratner, B., Jackson, H. C., and Gruehl, H. L., J. Immunol, 1927, .xiV, 303. 

® Ratner, B., Jackson, H. C., and Gruehl, H. L., Proc. Soc. Expcr. Biol & Med. 
1927, xxiv, 444. 
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. Families 7 and 15 show interesting instances of the sensitization 
apparently ha\nng worn off in the mother whereas there is still a 
moderate anaphylactic sensitization present in the offspring. 

In Families 17 and 18 we have only an extremely moderate degree 
of respiratory anaphylaxis in the mother and in the offspring. In 
Family 17 where the sensitization was carried on over a long period of 
time the transmission of respiratory anaphylaxis was no more marked 
than in Family 18. 

In Families 19, 20, 21 and 22 there has been an absence of trans- 
mission of respiratory anaphylaxis probably because of the short 
period of exposure of the mother. In these cases the mothers them- 
selves were not sensitive. 

In Families 23, 24, 25 and 26, on the other hand, we have instances 
of a sufficiently long period of sensitization in the mother with neither 
the mothers nor the offspring showing an}^ sensitization. 

In Family 2 we have an instance of two litters bom to the same 
animal. In the case of the first litter the time between the beginning 
of sensitization and confinement of the mother was only 23 days and 
the offspring showed only moderate anaphylaxis. In that of the 
second litter, bom after the mother had had many attacks of respira- 
tor}’' anaphylaxis (asthma), throughout her pregnancy, the offspring 
were profoundly sensitive and all died after an intravenous injection 
of dander extract. 


DISCUSSION. 

Normal guinea pigs, whether they be pregnant mothers or offspring 
only a few days old, will not manifest d3’’spnea when exposed to a dust 
to which they are not sensitive. This has been demonstrated by our 
many experiments. 

In order to prove the anaphylactic character of the symptoms and 
to rule out pneumonia or any other pathologic condition of the guinea 
pig which might simulate the dyspnea found in respiratory ana- 
phylaxis,* the animals received an intravenous injection of an extract 
of the dust on the same day that they demonstrated this s}TKirome 
and in all cases necropsies were performed. 

’ Rainer, B., Jackson, H. C., and Gruehl, H. L., Am, J, Bis, Child,, 1927, xxxiv, 
23. * 
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It may be of interest to comment on the fact that in 26 families 
studied we have no single instance of miscarriage during the attacks 
of respiratory anaphylaxis (asthma) even in the latter period of 
pregnancy. 

Analysis of our protocols demonstrates that a mother guinea pig 
whidi has manifested respiratory anaphylaxis during pregnancy may 
passively^ transmit the state of hypersensitivity to her offspring in 
utero. In one instance this was brought about by an active sensitiza- 
tion in utero. When the offspring are first brought into contact with 
a dust to which the mother is sensitive, they exhibit respiratory ana- 
phylaxis (asthma) of tlie same sort she showed. 

There were certain variations in the transmission which call for 
further discussion. 

Because of the nature of the experiments, it has been impossible to 
sensitize and expose these mothers in a uniform manner. For tlus 
reason — as is evident in Table I — instances occurred in which sensiti- 
zation was firmly established in the mothers and was transmitted, 
other instances in whicli the mothers were more profoundl}’' sensitized 
than the offspring or conversely in which the offspring had a higher 
degree of sensitization than the mother; instances in which the sensiti- 
zation established was of a moderate grade; and finally instances in 
which there was no sensitization of either mother or offspring. Several 
of the families in tliis last group undoubtedly had too short a period 
of exposure for the establishment of sensitization, wliile others, al- 
though the period was long enough apparently, were not sensitized. 

In Family 2 we have an interesting example of the influence of the 
period upon the results. The offspring of the first litter was only 
moderately sensitive whereas those of the second litter, after the 
mother had shown profound respiratory anaphylaxis throughout her 
pregnancy, were sensitive and died in typical anaphylactic shock. 

We were fortunate in having 1 family in which the motlier was ex- 
posed for only 2 days before confinement. The offspring in this in- 
stance could not have received sensitizing antibodies but must have 
developed an active sensitization from antigen transmitted in utero. 
This meclianism has been demonstrated by us in a previous study. 

® Ratner, B., Jackson, H. C., and Gruehl, H. L., J. Immtnol, 19?7. xiv, 291. 
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In our previous v?ork^ it was sho^m that guinea pigs injected prior 
to or during pregnancy might give birth to sensitive offspring; and in 
another study^^ we presented instances of human mothers eating ex- 
cessively of certain foods during pregnancy who gave birth to children 
sensitive to those foods. 

We believe the experiments presented in this paper demonstrate a 
manner in which the human offspring of an asthmatic mother might 
be sensitized. Furthermore, the experiments indicate that mothers 
with the asthma of anaphylaxis may not always give birth to asthmatic 
children and on the other hand that mothers, themselves not asth- 
matic, may transmit sensitizing antigen to their offspring. 

CONCLUSIONS. 

1. A further method is offered whereby sensitization in utero may 
be established. 

2. Respiratory anaphylaxis — induced in a pregnant guinea pig by 
the inhalation of a dry antigenic dust — can thus be transmitted from 
mother to offspring. 

3. A guinea pig thus sensitized in utero, when brought into contact 
for the first time with an anaphylactogenic dust to which the mother 
was sensitized, will manifest respiratory anaphylaxis. 

4. The transmission of this hypersensitiveness may be brought 
about passively through the transmission of sensitizing antibodies. 

5. A fetus -may be actively sensitized in utero by a mother which 
has inhaled the antigenic dust and has not herself been sensitive at the 
time of birth. 

6. This state of h}^ersensitiveness may be transmitted in var3ang 
degrees of intensity and when 2 or more offspring are bom in the same 
litter, they may, in some instances, be sensitized to an equal degree 
and sometimes to different degrees. 

7. This state of h^q^ersensitiveness can be transmitted through 
more than 1 litter. 

8. All animals cannot be made hypersensitive. 

® Ratner, B., Jackson, H. C., and Gruehl, H. L., J. Immunol,, 1927 xiv 249 
267,275,291,303. ’ ' 

Ratner, B., Am, J, Dis, Child., 1928, xxrA, 277. 




A “SOLUBLE SPECIFIC SUBSTANCE” DERI\rED FROM 
GUI^I ARABIC * 

By 3^aCHAEL HETDELBERGER, Ph.D., OOTALD T. A\^RY, M.D., and 
WALTHER F. GOEBEL, Ph.D. 

{From the Hospital of The Rockefeller Institute for Medical Research^ 

(Received for publication, February 14, 1929.) 

The unforeseen identification of the so-called ‘^soluble specific 
substances” (1) of Pneumococcus as polysaccharides (2) has led to 
an accumulation of evidence that analogous sugar derivatives play an 
important part in the immunological relationships of micro-organisms 
of the most diverse t>^es (3). Thus, specifically reacting substances 
udth the properties of carbohydrates have also been isolated from 
the Friedlander bacillus, the tubercle bacillus, the typhoid-colon 
group, and yeast; and evidence has been obtained of the existence of 
similar substances in Streptococcus, the anthrax badUus, and other 
pathogenic microbes. This wide distribution of spedfically reacting 
polysaccharides made it seem not improbable that there might occur 
among higher plant forms other sugar derivatives with specific proper- 
ties. A number of water-soluble gums of plant origin were therefore 
tested against anti-pneumococcus sera of Types 1, 11, and m, and of 
these gums several were found to give the precipitin reaction. Since 
occasional samples of gum arabic (gum acacia) precipitated Type II 
(and Type III) antiserum at as high a dilution as 1:25,000 (cf. Table 
I, 47^), but did not precipitate normal horse serum or Type I anti- 
serum, this gum was chosen for further study. 

It was soon found that the ordinary methods of fractional precipita- 
tion from neutral, acid, or alkaline solutions pelded products difiering 

* An abstract of this paper was presented at the Annual Meeting of the American 
Chemical Society in Philadelphia, in Sept., 1926. The paper itself was submitted 
for publication at the same time, but was withdrawn until more positive analytical 
data on the calcium aldobionatc were available. In the meantime Cretcher and 
Butler have also published a note {Science, Aug. 3, 1928) indicating the presence of 
an aldobionic acid among the products cf hydrolysis of gum arabic and have a 
paper in press gi\dng further details. 
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little in their specific reactivity. Since it was known that the soluble 
specific substance of Pneumococcus was comparatively resistant to 
strong acid in the cold {2h, p. 305), fractional hydrolysis of this tj'pe 
was resorted to in the hope that the non-specific portions of the gum 
would prove the more easily hydrolyzed. This appeared to be the 
case, as the polysaccliaride fraction recovered was found to possess 
a degree of specificity comparable with tliat of the bacterial specific 
substances {cj. Table I, 47ioniv, 56). From the fact tliat 50 per cent 
of material 100 to 150 times as active as the original gum was recovered 
it is evident, however, that the process involves more than a mere 
hydrolysis of accompanying inert material. This point will be taken 
up more fully in the discussion. 

The gum arable purified in this way resembled in its physical proper- 
ties the arabic acid so frequently described as the principal constituent 
of the gum (4). On hydrolysis, however, it yielded mainly galactose 
and an acid fraction consisting of at least 2 substances. Investigation 
of these acids has indicated that tliey are possibly disaccharide (aldo- 
bionic) acids of tire type recently described as the principal product of 
hydrolysis of the soluble specific substance of T}q3e III pneumococcus 
(3a and 35). Such a relationship would be of considerable theoretical 
interest in a study of tlie cliemistry of bacterial specificity. The 
large quantities of starting material available should facilitate the 
investigation of aldobionic acids to an extent impossible in tlie case 
of tlie pol 3 '’saccharides elaborated by pathogenic bacteria, 

EXPERIMENTAL. 

J. Isolation of Reactive M atcrial from the Original Gum. 

200 gm. of Squibb’s powdered gum acacia were dusted slowlj’’ into 1 liter of 
chilled 1 : 1 hydrochloric acid. The mixture was stirred until solution was com- 
plete and allowed to stand at room temperature for 2 days. A small amount of 
dark, insoluble material was centrifuged off and tlie clear liquid precipitated with 
about 3 volumes of chilled alcohol. After the gum had settled the supernatant 
was poured off and the precipitate macerated with fresh alcohol. After several 
hours tills was decanted and the gum was dissolved in water, centrifuged if neces- 
sary, and reprecipitated with redistilled acetone in tlie cold. After several hours 
the precipitate was stirred with fresh acetone, ground up under acetone when 
thoroughly hardened, filtered, w'ashed with acetone until free from hj’drodiloric 
acid, and dried in vacuo over calcium chloride and crushed sodium hydroxide. 
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The yield was 70 to 80 gm. This product (Table I, 56) corresponded closely to 
that obtained in 97.5 gm. >deld by a single acid treatment of 24 hours (47io) and 
to preparation 47io3i\' obtained in 64 gm. >deld by 2 single acid treatments of 24 
hours each. It was sometimes necessary to redissolve the gum in water a second 
time and repredpitate with acetone in order to remove all chlorine ion. 

The product so obtained still contained about 0.3 per cent of nitrogen, or the 
entire amount in the original gum. 60 gm. of preparation 47 iobi\' vrere therefore 
dissolved in 300 cc. of water and stirred i hour vrith 5 cc. of 30 per cent 
sodium nitrite solution and 25 cc. of acetic add. About 1.5 volumes of acetic 
add were then added, predpitating most of the gum. After 2 hours the deposit 
was drained, dissolved in about 200 cc. of water, and repredpitated with acetic 
add. It was finally treated with successive portions of redistilled alcohol and 
• acetone, ground up, washed thoroughly -with acetone, and dried as before. The 
yield was 42.3 gm. This product (Table I, 5 IE) contained less than 0.1 per cent 
of nitrogen and reacted with Type II anti-pnexunococcus serum at a dilution of 
1:5,000,000. It also predpitated T>’pe III anti-pneumococcus serum. The 
fraction of the gum not thrown down by the acetic add resembled the predpitated 
portion in all its properties, but it contained 0.5 per cent of nitrogen and was 
somewhat less reactive with Type II serum. 

The purified gum is a white powder, readily soluble in water. It 
possesses marked addic properties and rotates the plane of polarized 
light weakly to the left, somewhat more strongly on neutralization. It 
gives a positive naphthoresordn test. When hydrolyzed it yields 68 
per cent of redudng sugars, calculated as glucose, but since about one- 
third of the products of hydrolysis appear to be disaccharide or poly- 
saccharide adds (see below), the actual yield of redudng sugars is 
higher. The pentose content, 19 per cent, calculated from the yield 
of furfural on distillation with hydrochloric add,^ is about one-half 
that of the original gum, so that much of the portion hydrolyzed in 
the method of preparation consisted of pentose or pentosan. Part 
of the remaining material which reacts as pentose is accounted for 
by the sugar acid fraction. The prindpal hexose component of the 
purified gum is galactose. 

^ A modification of Pervier and Gortneris method (5) was used. Instead of 
titrating at an aridity of 4 per cent and plotting the end-point with the aid of a 
bromine electrode, galvanometer, and stop-watch, it was found simpler to use an 
outside spot indicator of starch iodide solution. At an aridity of 3 per cent, the 
end‘point is taken as the first burette reading at which a spot test is still obtained 
after 2 minutes. Large drops should be wdthdraxv'n for the test. 



850 


SOLUBLE SPECIFIC SUBSTANCE FROJI GUM ARABIC 


2. Attempts at Further Purification of the Specific Fraction. 

The specific fraction of the gum is incompletely precipitated by 
barium hydroxide in large excess. The precipitate soon turns yellow, 
and as will be seen from Table I tlie recovered gum (51B) shows practi- 
cally the same properties as tlie original material. 

Uranyl nitrate also precipitates the gum incompletely when the 
excess acid is neutralized, but in this case also no purification results. 

Partial adsorption of specific gum on “T}^e C” aluminium h 3 ’’droxide 
(6) resulted onl}'- in a product with the properties of the starting mate- 
rial (Table I, 54D). 

Fractionation of the specific product with hj'^drochloric acid and 
alcohol gave 3 portions with practically identical properties. 

3. Precipitation of the Specif c Gum by Means of Type II Pneumococcus 

Antibodies, 

An -attempt was made to determine whetlier the specific gum could 
be precipitated by Type II pneumococcus antiserum and recovered 
from the precipitate. This was of importance not only in establishing 
the polysaccharide as actually analogous or not to the specific polysac- 
charides of bacterial origin, but also in determining whether tlie reac- 
tion with Type III antiserum was caused b}'- an accompanjong im- 
purity or was an inherent property of tlie specific polysaccliaride 
itself. Thus, an accompanying substance whicli did not precipitate 
Type II serum, but yielded a precipitate with Type III serum, should 
be largely eliminated in effecting a specific precipitation with Type II 
serum. 

3 liters of Tj'pe 11 pneumococcus antibod}^ solution, prepared essentially by 
Felton’s method (7), were precipitated by a slight e.xcess of neutralized 1:1000 
saline solution of preparation 47io. The amount of precipitate was small, and only 
0.07 gm. of specific gum was recovered by the method already described in detail 
in the case of the soluble specific substance of Tj^pe II pneumococcus (2c, p. 737). 

Except for an unavoidably high nitrogen content (0.6 per cent) and 
a liigher specific reactivity toward both sera the product (Table I, 
47ioA) resembled the starting material in its analytical and ph 3 ’-sical 
properties. It still gave a precipitate with barium h 3 '’droxide in 
excess, gave the brown red color characteristic of galactans with ordn 
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TABLE I. 

Froperlics of Gttm Arabic and Derived Specific Fractions. 
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* There is apparently relatively little antibody to the specific gum in Tj’pe 11 
and '^pe HI antisera. In the former case the precipitate is a transparent jelly, 
and lie tubes containing the higher dilutions must be centrifuged in order to 
render the deposit more compact and more easily visible. The T>pe III precipi- 
tate is loose and flocculent until centrifuged, 
t Highest dilution tested. 

and hydrochloric add, and showed a positive naphthoresordn test. 
Not only did it react at a dilution of 1:8,000,000 with T)p)e II anti- 
pneumococcus serum, but also at a dilution of 1:2,000,000 with Type 
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III serum; indicating tliat it is actually the same substance which 
precipitates with both sera. 

Wliile tills experiment seemed fairly conclusive in establishing the 
purified gum as a true ‘^soluble specific substance/' it remained possi- 
ble that the polysaccharide reacted with some other constituent of the 
serum than the pneumococcus antibodies themselves. 

Accordingly a portion of the Type II antiserum was absorbed by means of a 
saline suspension of heat-killed T^q^e II pneumococci. Another portion of the 
serum was treated with small amounts of a 1 : 10,000 solution of the T^^^e II soluble 


TABLE n. 
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Dilution of serum, 2:3. Tubes were not centrifuged. After centrifugation 
the 1:1,000,000 dilution reacted + in tlie unabsorbed serum and all the tubes 
containing serum absorbed by Pneumococcus II contained a trace of scaly pre- 
cipitate. Other^vise the results were unchanged. 


specific substance until no further precipitate could be obtained after 2 hours at 
37® and standing over night in tlie ice-box. The reaction of tlie purified gum with 
these sera and untreated T 3 ^e II serum was then tested, giving the results shown 
in Table 11. 


4. Hydrolysis of the Specific Polysaccharide, 

A. 41 gm. of preparation 5 IE were dissolved in water, treated with 85 cc. of 
concentrated sulfuric acid, diluted to 3 liters, and boiled for 4 hours, a preliminar>^ 
experiment having shown a maximum reducing power after this time. The 
sulfuric acid was removed quantitatively with barium hydroxide, and^ to the 
filtrate, concentrated in vacuo to about 300 cc., basic lead acetate solution was 
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added in slight excess. The precipitate w’as suspended in water and treated with 
acetic acid in small amounts until only a small amount 'of yeEow precipitate re- 
mained. The filtrate from this was again predpitated with an excess of basic lead 
acetate. The lead salt was decomposed with hydrogen sxilfide and the solution 
concentrated repeatedly in Tacuo to a s>Tup in order to eliminate acetic add. The 
residue was taken up ‘in hot water, boiled ■ndth add-washed Norite, and con- 
centrated to dr>Tiess, finally in a high vacuum. The >-10^ of crude sugar add was 
5.5 gm. A determination of the redudng power by the Shaffer-Hartmann micro- 
method (8) gave a value of 44.6 per cent, calculated as glucose. 

0.3329 gm., made up to 15 cc. with H2O: ofo, 0.39°, / = 2. [orjo = -r8.8°. 
1 cc. of the same solution required 2.62 cc. 0.02 n NaOH for neutralization to 
phenolphthalein. Add equivalent, 427. Calculated for C32H20O12J 356. 

The filtrates from the first and second predpitations of the lead salt were freed 
from lead, concentrated to small bulk, boiled with Norite, concentrated to a syrup, 
and, while still warm, were treated with about 2 volumes of gladal acetic add and 
seeded with a few crystals of galactose. Cr>'stallization took place rapidly, and 
the solid cake which formed over m’ght in the ice-box was crushed, sucked off 
in ’cacuo on a Buchner f unn el, and washed first with chilled 66 per cent acetic add, 
then vdth the gladal add, and finally with alcohol. The jdeld was 8.3 gm., with 
an initial [alo of -f 120.5°. 

1 gm. of the crude sugar, oxidized with warm 1:1 nitric add, began to deposit 
crystals within a few hours and ultimately yielded 0.46 gm. of mudc add, melting 
at 214-215° with decomposition. ' 

0.1009 gin. gave 0.1279 gm. COj and 0.0458 gm. H 2 O. 

Calculated for CeHioOg: C, 34.27 per cent; H, 4.80 per cent. Found: C, 34.57 per 
cent; H, 5.08 per cent. 

6.8 gm. of the sugar itself were dissolved in water, boiled with Norite, and 
recrj'stallized as before, >delding 5.4 gm. of purified sugar, which from its analysis, 
rotation, and the isolation of mudc add in good yield from the crude product, was 
diiefly galactose. 

0.1007 gm. gave 0.1480 gm. CO 2 , and 0.0520 gm. H 2 O. 

Calculated for CeHnOe*, C, 39.98 per cent; H, 6.72 per cent. Found: C 40.0S per cent; 
H, 6,89 per cent. 

0.5513 gm., made up to 10 cc. vith H2O, gave an initial reading of 6.55° and a 
final value of 4,05°,/ = 1. [aU, initial, 4-118.8°; final, 4-73.5°. 

The galactose isolated in this crop was not as pure as that recovered in later 
fractions (sec below), but whether the impurity’ was the sugar add still present 
in the mother-liquors, or some other sugar, has not been determined. 

The filtrate from the initial crop of galactose was repeatedly diluted with water 
and concentrated i7i vacuo in order to remove acetic add. It was then diluted to 
about 350 cc. and again treated with basic lead acetate solution, yielding a hea\y 
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precipitate. This salt was worked up as was tlic first lead salt, and yielded 3.9 
gm. of a cnidc sugar acid resembling tlic first product except in its rotation and 
somewhat lower reducing value, the latter being 39.2 per cent, calculated as glucose. 

0.306-i gm., made up to 15 cc. with H^O: an —0.17°, 1-2, [a]n = —4.2®. 

2 cc. of the same solution required 4.53 cc. 0.02 n NaOIi for neutralization to 
phenol red. Acid equivalent, 450. Calculated for C 12 H 20 OJ 2 , 356. 

The filtrate from the above lead salt was freed from lead and acetic acid, taken 
up in a little water, neutralized with barium hydroxide, and again concentrated 
to a thick syrup. This was boiled with 3 successive 200 cc. portions of 90 per cent 
alcohol. The insoluble residue, purified over the lead salt, gave 2.0 gm. of a product 
which appeared to be a mixture of sugar and sugar add, but was not further 
investigated. The alcoholic solutions after concentration to a s^Tup readily 
yielded 3.3 gm. of galactose, whidi melted at 161-163® after recr^’stalHzation. 

0.5522 gm., made up to 10 cc. with H 2 O, gave an initial reading of 7.52® and a 
final value, after addition of 0.5 cc. concentrated aqueous NH 3 , of 4.11®, / = 1. 
[a]p, initial, +136.2®; final, +78.2®. 

In Beilstein, 3rd edition, vol. i, p. 911, the rotations given for pure galactose 
are [a]S° +140®, 80.5®, respectivel 3 \ 

The mother liquors from the galactose contained but 1.7 gm. of sugar, cal- 
culated as glucose, and were not investigated. 

(B).2 49 gm. of a product (active with Typt 11 serum at a dilution of 1: 
4,000,000) were h 3 "drol 3 "zed as in the previous instance. After removal of the 
sulfuric acid the concentrated solution was boiled witli calcium carbonate and 
Norite, filtered, concentrated to small bulk, and fractionated with meth 3 d alcohol 
as in the case of the calcium aldobionate derived from the Type III pneumococcus 
(35). The partially purified salt tlms obtained was further fractionated into tliree 
arbitrar 3 ’' portions with the aid of meth 3 d alcohol and acetone. 


Fractions 

I 

n 

in 

Theory 


cent 

per cent 

per cent 

per cent 

Calcium 

Reducing sugars (as glucose) (Schafier- 

5.8 

6.7 

5.5 

5.3 

Hartmann) 

44.8 

44.3 

34.4 

48.0 

Aldose (as glucose) (AVillstatter-Schudel) 

53.3 

58.1 

61.5 

48.0 


Fraction thus corresponds fairly closed'’ to a calcium aldobionate, 
(C 32 Hi 90 j 2 ) 2 Ca, while the succeeding fractions show increasing contamination. 

^ The experimental work in this section was carried out b 3 ’* one of us (M, H.) 
in the laboratories of the Mt. Sinai Hospital and the Presb 3 "terian Hospital, New 
York. For the facilities ofiered b}’' these institutions, and for tlie kindness of 
Dr. Forrest E. Kendall, of the Presb 3 'terian Hospital, in carx 3 nng outtheanal 3 ’'ses, 
the writers wish to express tlieir heart 3 ^ thanks. 

^A cr 3 ^stalline cinclionidine salt, and tlirough tins, the cr 3 "stalline aldobionic 
acid have since been isolated, and will form tlie subject of a separate com- 
munication. 
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The analyses indicate that the chief impurity in Fraction H is possibly a salt of the 
type of calcium glucuronate, while Fraction III presumably contains galactose, 
especially as the mother-liquors from this deposited crystals of galactose on 
standing (melting point, yielded mucic add, melting point, 206—207 , 

on oxidation). 


DISCUSSION. 

That a polysaccharide with specific properties should occur among 
the higher plants without any apparent relation to the life processes of 
micro-organisms, is additional evidence of the wide-spread occurrence 
of carbohydrates with immunologically specific properties. Specula- 
tion as to their function and chemical and immxmological relation- 
ships, while enticing, must be postponed until more information is at 
hand. There is evidence \vhich has been interpreted by Beijerinck 
(9) as pomting to the elaboration of gum arabic as a result of the 
activities of molds, and by Greig Smith (10) as showing the gum to be 
a product of the metabolism of certain bacteria. As neither of these 
workers has proved, however, that contamination of the gum with 
the appropriate organism did not take place after its formation 
the hypothesis that gum arabic originates through the actmties of 
micro-organisms, though attractive from the standpoint of bacterial 
spedfidty, must be considered as unproved. 

In fact, certain chemical data obtained in the present investigation 
argue against this point of view. On partial hydrolysis about one- 
half of the ori^nal material is recovered witk its specific activity 
increased 100 to 150-fold, showing that the spedficaUy reacting gum 
does not exist as such in the original gum arabic, but is formed 
from it, probably by removal of a pentose grouping in glucosidic 
union, since the spedfic fraction contains less than one-half the 
pentose of the gum arabic itself. The low reactivity of the original 
gum w’ould then be accounted for on the basis of traces of the spedfic 
material formed on exposure, in the process of refining, or by enzyme 
action. It is not excluded however, that the spedfic gum owes its 
presence to the symthetic acti\dty of the strong hy^'drochloric add on 
the hydrolytic products of the original gum (11), although this would 
seem less probable. 

Another finding of chemical interest is the large proportion of com- 
plex sugar adds. It has recently been shown (3a and 3b) that the 
chief product of tire hydrolysis of the soluble specific substance of 
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Tj'pe III pneumococcus is an aldobionic acid of -which one component 
is glucose and the otlier glucuronic acid. A similar acid also forms 
one of tlie hydrolytic products of tlie soluble specific substance of the 
Type A Friedlander bacillus (12). At least one of the crude acid 
fractions from the hydrolysis of the specific gum arabic corresponds 
roughly to an aldobionic acid, ivhile in the other tlie agreement is not 
so good. While both of these acid fractions may still be mixtures, 
their rough correspondence to important hydrolytic products of bac- 
terial specific polysaccharides is of interest. 

Wliile the exact significance of these more or less complex sugar 
acids is still to be established, the finding of at least t-wo of these acids 
as hydrolysis products of the specific gum arabic renders it e-vddent 
that the specific gum, if actually a single substance in its present state 
of purity, is a more complex product tlian the bacterial specific poly- 
saccharides hitherto investigated in detail. The recover^'- of the 
specific gum from its precipitate -with Type II antipneumococcus 
serum -with its reacti-vdty for both Type II and T)^e III sera aug- 
mented (see experimental part) may be taken as evidence that it is a 
single constituent of the gum -whicli precipitates both sera. This is 
in agreement -with the relative complexity of the specific gum, since a 
substance containing the molecular groupings necessary for reaction 
■with antibodies to both T 3 ^e II and Tj^e III pneumococci might, be 
expected to yield more varied products on h 3 '-drolysis than one pre- 
cipitating either serum alone. Whether any of these hydrolysis prod- 
ucts of the specific gum arabic and the specific polysaccharides of 
Type II and Type III pneumococci are identical cannot be stated 
as yet. Thus far galactose has been found only in tlie first of the 
three, and this constitutes a marked difference. 

From Table II it will be seen that Type II antipneumococcus serum 
which has been precipitated bj'- the specific gum arabic still retains 
practically unimpaired its agglutinating power for tlie Type II pneu- 
mococcus and its precipitating power for the Type II soluble specific 
substance, whereas all of the antibodies are removed on absorption of 
Type II antiserum witli Type II pneumococcus. This lack of recip- 
rocal antibody absorption is suggestive of the relationship between 
Pneumococcus Type II and Type B Friedlander bacillus, in whicli tlie 
writers found (13) a certain diemical similarity between tlie specific 
polysaccharides of these bacteria and a corresponding immunological 
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relationship between the micro-organisms themselves. The sero- 
logical and antigenic similarity of the otherwise unrelated bacteria 
was interpreted as an example of heterogene tic specificity; it is not 
unlikely that the reactions of specific gum arabic with T>^es II and 
TIT antipneumococcus sera may be accounted for in the same w^ay. 

SUMMARY. 

1. By partial acid hydrol3''sis a specific carbohydrate may be isolated 
from gum arabic (gum acacia). This carboh 3 "(irate is comparable in 
its precipitating activity for T 3 ^e II (and Type HI) antipneumo- 
coccus serum with the bacterial soluble specific substances themselves. 

2. On hydrolysis this fraction 3 delds galactose and two or more 
complex sugar acids, one of which appears to be a disaccharide acid 
comparable with those isolated from the specific potysaccharides of the 
Typt III pneumococcus and the Type A Friedlander bacillus. 

3. The significance of these findings is discussed. 

BIBLIOGRAPHY, 

1. Dochez, A. R., and Ave^’', O. T., J. Exp. Med., 1917, xxvi, 447. 

2. (a) Heidelberger, M., and Aver 3 ', O. T., J. Exp, Med., 1923, xxxviii, 73. 

(6) Heidelberger, ^1., and Aver\', O. T., /. Exp. Med., 1924, si, 301. 

(c) Heidelberger, M., Goebel, W. F., and Aven% O. T., J. Exp. Med., 1925, 
xlii, 727. 

3. CJ. references 3-17 in (a) Heidelberger, M., and Goebel, W. F., J. Biol. Chem., 

1926, kx, 613. 

(5) Heidelberger, M., and Goebel, W. F., J. Biol. Chem., 1927, Irriv, 613. 

4. (g) O’Sullivan, C., J. Chem. Soc., 18S4, xlv, 41. 

(6) Meininger, E., Bcitrag zur Kennlnis einiger Giimmiarlcn, Dissertation, 

Strassburg, 190S. 

5. Pervier, N. C., and Gortner, R. A., Ind. Eng. Chem., 1923, x\"; 1167, 1255. 

6. Willstatter, R., and Kraut, H., Bcr. chem. Ges., 1923, Ivi, 149. 

7. Felton, L. D., Bozlon Med. ayid Snrg. J., 1924, cxc, 819. 

8. Shaffer, P. and Hartmann, A. F., J. Biol. Chem., 1921, xlv, 363. 

9. Beijerinck, Arch, nicrl. sc. c.xactcs ci nat., 1884, xk, 43; also in Naluurk. Verh. 

K. Akad. Wctensch. Amsterdam, 1884, xxiii. 

10. Greig Smith, R., /. Soc. Chem. Ind., 1904, xxiii, 105, 972. 

11. Levene, P. and Ulpts, R., /. Biol. Chem., 1925, Ixiv, 475. 

12. Goebel, \V. F., and Avcr>', 0. T., J. Exp. Med., 1927, xl\n, 601. 

13. Hcjdelbcrgcr, M., Goebel, W. F., and Averj', 0. T., /. Exp. Med., 1925, xlii, 

Aven*, 0. T., Heidelberger, M., and Goebel, IV. F,, /. Exp. Med., 1925, xlii, 




BIOiMETRY OF CALCIUjM, INORGANIC PHOSPHORUS, 
CHOLESTEROL, AND LIPOID PHOSPHORUS IN 
THE. BLOOD OF RABBITS. 

HI, Influence of Various Types of Light Environment. 

By ALVm R. HARNES, M.B. 

{From ihe Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, January 24, 1929.) 

In previous papers (1, 2) the calcium, inorganic phosphorus, choles- 
terol, and lipoid phosphorus found in the blood of rabbits as they vrere 
received from the dealer were compared with results obtained for 
animals living under laboratory conditions. The difference in mean 
values, in the variations that occurred, in the trends of the curves, 
and in the chemical relationship seemed to warrant the conclusion 
that all of these substances were affected b}’’ light. Since it had been 
found that calcium and inorganic phosphorus are affected by various 
types of light environment (3), it seemed desirable to extend the 
observations which had been made for the purpose of determining 
whether cholesterol and lipoid phosphorus were also affected by light 
and to study the action of a wider range of light conditions. The 
comparisons wrere made with complete exclusion of light, continuous 
exposure to light supplied by Cooper Hewitt lamps, exposure to diffuse 
filtered sunlight of variable intensity, and exclusion of light interrupted 
by brief periods of exposure to ultra-violet light. The results of these 
experiments will be reported in the present paper. 

Materials and Method, 

In the experiments presented, 3 animal rooms \%*ith similar environmental 
conditions other than those of lighting were employed. One group of 10 antm nlc; 
which may be designated as the open laboratory' group, were kept in a well lighted 
(sunlight), well ventilated room with a southern exposure. 

Two groups of 10 animals each were kept in a room from which all light was 
excluded. Other living conditions were the same as those of animals living in the 
open laboratorv'. During the course of the experiment, beginning on Feb. 1 , 1928, 
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one group of animals was exposed for an hour each day to tlic unfiltered radiations 
of a quartz-mercur}'' arc lamp (80 volts, 4.2 amperes) at a distance of 4.5 meters. 
These animals shall be designated as the ultra-violet group. The other animals 
whicli remained in the dark room throughout the experiment shall be designated 
as tlie dark group. Both of tlicse groups of animals received some light from two 
other sources. For a brief period each day a 30 watt Mazda lamp was used in the 
dark room for cleaning cages, feeding, and making certain necessaiy observations. 
The animals were also exposed to diffuse filtered sunlight for a brief period once a 
week when they were brought into the laborator)'' for bleeding purposes. 

The fourth group of animals which shall be designated as the light group was 
kept in a room similar to the others with sunlight excluded. In this room a 
constant source of light was furnished by 13 Cooper Hewitt low pressure mercury 
arcs, Type P, in crown glass arranged in 3 superimposed rows on an iron frame 
placed in the center of the room. The animals in individual cages were placed in 
racks on either side of and parallel with the mercury arcs at a distance of 1 meter. 
The average intensity of the light was calculated to be 2000 foot candles. 

The spectrogram of this type of mercury arc in crown glass shows that the range 
of light rays is from 3022 to 5790 Angstrom units with the majority falling in tlie 
3650 and 5790 portion of the spectrum. The exposure to the Cooper Hewitt 
mercur>’' arcs was begun on Jan. 20, 1928. 

The doors of the cages were opened to permit free access of light but no depilatorj'' 
measures were used for any group of animals, and at no time throughout the 
experiment could there be demonstrated evidence of dermatitis, conjunctivitis, or 
any other inflammatory process which might be attributed to tlie action of either 
ultra-violet or Cooper Hewitt radiation. 

The temperature of the 3 rooms was satisfactorily maintained at 70® to 75®F. 
and the humidity of each varied with that of the outside atmosphere. 

The animals selected for this experiment were all male rabbits of mixed grey 
and brown breeds from 6 to 8 months old. They were sexually mature but had 
not yet attained their full growth. All animals w^ere caged separately and fed a 
uniform diet of hay, oats, and cabbage. 

The data presented in this paper are derived from experiments, the procedures 
of which were described in detail in a preceding paper (1) . 

The determinations of calcium and inorganic phosphorus of blood serum, 
cholesterol and lipoid phosphorus of the whole blood were made on the same 
sample of blood. Determinations were made, beginning on Jan. 5, 1928, at weekly 
or biweekly intervals until May 31, 1928, resulting in 15 recorded observations for 
the light, dark, and open laboratory groups; 14 observations were made on the 
ultra-violet group. 

In all text-figures and tables the lipoid phosphorus is calculated and presented 
as lecithin. 
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RESULTS. 


The results of the observations made in this experiment are pre- 
sented in the form of tabulated summaries, Tables I to vrhich are 
supplemented by a series of graphs, Text-figs. 1 to 14. The mean 
values contained in Tables I to YI inclusive have been smoothed by 


the formula 


A + 2B + C 
4 


and are presented in the graphs in terms of 


per cent variations from standard mean values, using for this purpose 
values obtained for animals living in the open laboratory throughout 
the year. These results were reported in a previous paper (2) and 
shall serve also as a basis of comparison for certain ratio values ob- 
tained in the present experiment. The average values for this group 
of animals were calculated to be for calcium 15.7, inorganic phosphorus 
4.65 mg. per 100 cc. of blood serum, and for cholesterol 58.2, lecithin 
118.4 mg. per 100 cc. of whole blood. Text-figs. 1 to 4 inclusive repre- 
sent the per cent variation of the 4 blood constituents; Text-figs. 5 
to 10 inclusive, the per cent variation of the 6 possible ratios of the 
same 4 blood constituents; and Text-figs. 11 to 14 inclusive, the dis- 
tribution of individual values for calcium, inorganic phosphorus, 
cholesterol, and lecithin. 



TABLE I. 

Calcium Values for Consecutive Determinations. 
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TABLE VI. 

Mean Vcdties for Each Group, 
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DISCUSSION AND CONCLUSIONS, 

Variation. 

Calcium . — The element calcium (Text-fig. 1) proved to be the most 
stable and least variable of the 4 blood constituents. This 'W’as true 
for each of the 4 groups of animals. 

The trend of calcium in the blood serum of animals living in the 
open laboratory showed a gradual decrease from the beginning of the 
experiment on Jan. 5 until about Feb. 9. Throughout the next 3 
weeks the calcium in this group of animals increased in amount until 
on Feb. 29 it reached its highest level. From this high value the 
calcium decreased until about Mar. 20 at which time it had reached a 
more or less stable level which was maintained during the remaining 
2 months of the experiment. 

The animals living in the dark and those exposed to Cooper Hewitt 
light showed similar trends for the first 3 months of the experiment 
but exhibited a degree of variation as to the general levels of calcium 
metabolism. These groups of animals showed first an increase in 
calcium and then a rather rapid decline, reaching their minimum level 
at the same time as those animals living in the open laboratory, the 
dark group slightly lower, and the light slightly higher than those 
living in the open laboratory. From the low values of Feb. 9, the 
calcium of both groups of animals increased in amount, reaching their 
maximum on Feb. 29. Throughout the initial period of the experi- 
ment, the animals in the dark room maintained a lower level of cal- 
cium than those exposed to the Cooper Hewitt fight. This difference, 
however, was reversed, and from Feb. 29 throughout the remaining 
time of the experiment, the animals living in the dark room maintained 
a higher level of calcium than any of the others, while the light group 
followed closely the trend of the animals living in the open laboratory. 

The animals exposed to ultra-violet rays showed first, a slight in- 
crease of calcium and then a decrease, this decrease occurring at a 
time when the trend of calcium for the 3 other groups was on the in- 
crease. The ultra-violet group reached its highest level of calcium 
on Mar. 6, this occurring at a time when the trend of all other groups 
was downward. From this time until the end of the experiment, the 
calcium for the ultra-violet group continued to decrease. 



872 


BIOMETRY OF CALCIUM, ETC., IN BLOOD. HI 


During tiie last month of the experiment the 4 groups of animals 
ex'hibited 4 distinct levels for the calcium content of blood serum. The 
animals living in the dark room had the highest amount of calcium, 
those exposed to Cooper Hewitt light ranking next wdth a smaller 
amount, the third group, those animals living in the open laboratory 
with a slightly lower amount of calcium than the light group, while 
the least amount of calcium during this last 4 weeks’ period w'as found 
to be in the animals exposed to the ultra-violet light. 

Inorganic Phosphorus . — The inorganic phosphorus of the blood 
serum (Text-fig. 2) ranked next to calcium with a higher degree of 
variation. This fact held true for each of the 4 groups of animals. 
The greatest variation occurred in the group of animals living in the 
open laboratory while the animals in the dark room showed the least 
variation. The most abrupt changes in inorganic phosphorus were 
noted to occur in the blood serum of those animals that were exposed 
to ultra-violet light. 

Analyzing the curves for the individual groups, it will be noted that 
with the animals Imng in the open laboratory there occurred a gradual 
increase in inorganic phosphorus which reached its maximum amount 
on Feb. 16. This gradual increase was not unlike that which occurred 
in the group of animals previously reported (2) and it will also be 
noted that this maximum occurred at a time when the previously 
reported group gave its minimum values, i.e., at about 6 weeks from 
the beginning of the experiment. From this high value, the inorganic 
phosphorus in the serum of animals living in the open laboratory ex- 
hibited a gradual and uninterrupted decrease, reaching its lowest level 
on Apr. 12. The last 3 determinations gave only slight increases in 
inorganic phosphorus over this minimum value. 

The animals exposed to Cooper Hewitt light showed the same initial 
rise in inorganic phosphorus as the animals living in the open labora- 
tory. It will be noted, however, that at the beginning of the experi- 
ment the light group maintained a decidedly lower level than those 
in the open laboratory, but the maximum values for the 2 groups of 
animals occurred at about the same time. From this high point on 
Feb. 16, the inorganic phosphorus showed a gradual decrease which 
continued until Apr. 12, the last 3 determinations giving increasing 
amounts over this minimum value. At the beginning of the experi- 
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ment the level of inorganic phosphorus for the light group was far 
below that of the open laboratory group, but this order was reversed 
on about iMar. 20, and from this time irntil the end of the experiment 
the light animals maintained a higher level of inorganic phosphorus 
than those living in the open laboratory. 

Except for a slight decrease at the beginning of the experiment, the 
trend of inorganic phosphorus in the serum of animals living in the 
dark room was the same as that found in the light and open laboratory 
groups. With the dark group the maximum value, which occurred 
Feb. 23, came 1 week later than the maximum of either the light or 
open laboratory groups. From this high amount, the inorganic phos- 
phorus in the blood serum of the dark animals gradually decreased in 
amoimts until about Apr. 9, when the minimum for the entire experi- 
ment was obtained. It will be noted that the general level of inorganic 
phosphorus maintained by the dark group was below that of the light, 
and except for one determination, that of May 19, was far below the 
level maintained by the animals living in the open laboratory. The 
animals living in the dark room showed the least variation. 

The inorganic phosphorus of the ultra-violet group exhibited trends 
and variations in a direction opposite to that of the 3 other groups of 
animals. At the beginning of the experiment this group of animals 
gave the highest value but during the succeeding 4 weeks the inorganic 
phosphorus decreased, reaching its mimmnm on Feb. 21. It may be 
noted that this continued decrease occurred over a period of time when 
the 3 other groups of animals were exhibiting trends of increasing 
amounts. From this minimum, the ultra-violet group showed a 
gradual increase in inorganic phosphorus and except for the 2 deter- 
minations on Alar. 10 and 20, reached their maximum on Alar. 30. 
This high value for the ultra-violet group was reached at a time when 
the 3 other groups had more or less stabilized at their respective mini- 
mum levels. From this maximum, the inorganic phosphorus showed 
decreasing amounts for the 2 next determinations and was followed 
b}’' increasing amounts for the 2 last examinations. 

During the last 10 weeks of the experiment, the 4 groups of animals 
maintained distinct levels of inorganic phosphorus, these levels being 
independent and except for one value found in the dark group, showed 
no overlapping. The Wghest level of inorganic phog^horus was main- 
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laincd during the last 10 week period by the ultra-violet group followed 
in order by the light group and animals living in the open laboratory, 
with the dark group at the lowest level. 

Cholesterol . — The variability e.vhibited by the cholesterol (Text-fig. 
3) in the blood of the 4 groups of animals was practically the same as 
that of inorganic phosphorus. 

The group of animals living in the open laboratory showed a gradual 
decrease in cholesterol from the beginning of the experiment, reaching 
their minimum on Feb. 29. Tliis low value occurred at a time when 
animals living out of doors, i.c., just received from the dealer, were 
maintaining their max-imum level of cholesterol for the entire year. 
From this minimum the cholesterol in the blood of the open laboratory 
group rapidly increased, the maximum value occurring on Apr. 19. 
The 2 last determinations showed only a slight decrease from this 
maximum value. 

At the beginning of the experiment the group of animals exposed to 
the Cooper Hewitt light showed the least amount of cholesterol, but 
during the last 10 weeks gave values which were only slightly less than 
those for the group living in the open laboratory. The light group at 
the beginning of the experiment showed a gradual decrease in choles- 
terol which was followed by a slight increase during February, and a 
second decrease which reached its minimum on Feb. 29. Throughout 
this entire period the light group showed the least cholesterol of any 
of the 4 groups. During the remainder of the experiment the trend 
of cholesterol for tliis group of animals was upward, except for the 
one determination on Mar. 29, and a level below the open laboratory 
group was maintained until the last examination was made. 

The animals living in the dark room maintained a level of cholesterol 
which in general was between the values shown by the light and open 
laboratory groups, but during the last 4 weeks was just below the 
animals exposed to Cooper Hewitt light. From the beginning of the 
experiment the cholesterol decreased until a minimum was reached 
on Feb. 23. This was followed by a gradual increase until Mar. 9 at 
which time a marked decrease in cholesterol was noted. The follow- 
ing determinations, however, gave values which represented the 
maximum for this group for the entire time of the ex’periment. 

The group of animals exposed to the ultra-violet light gave 2 values 
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for cholesterol at the beginning of the experiment i;vhich ^'ere slightly 
below that obtained for the group in the open laboratory. The ultra- 
violet group then showed a rapid increase in cholesterol, reaching a 
maximum for this period on about Feb. 14. This increase occurred 
at a time when the cholesterol of all other groups was decreasing. 
The trend of cholesterol following this high point was downward until 
Mar. 10 when it reached its minimum. From this minimum the 
cholesterol exhibited a very rapid increase which continued through- 
out the remainder of the experiment. It will be noted that except 
for the 2 values at the beginning of the experiment and the one ob- 
tained on Mar. 20, the general level of cholesterol for the ultra-violet 
animals was markedly higher than that for any of the 3 other groups 
of animals. For the last 6 weeks of the experiment, in the order of 
decreasing levels, the ultra-violet group ranked first; the group living 
in the open laboratory came next with practically 10 per cent less 
cholesterol; the light and dark groups foUowed with the light group 
slightly higher in cholesterol than the dark. 

Lecithin , — ^The abruptness and degree of variation proved to be 
greater for lecithin (Text-fig. 4) than for any of the 3 other blood 
constituents. This fact held true for each of the 4 groups of animals. 
The animals living in the open laboratory, the dark and light groups, 
listed in the order of increasing values for lecithin at the beginning of 
the experiment, showed a decreasing trend which reached a mmim um 
on Feb. 2. From this point, the 3 groups exhibited a rather abrupt 
increase m lecithin, the group living in the open laboratory reaching 
its maximum about ^lar. 1 which was 10 days later than the maximum 
for the light or dark groups. During the following 4 weeks, there 
occurred another decrease in lecithin in each of these 3 groups of 
animals which terminated with minimum values for the 3 groups on 
Mar. 10. 

During the last 8 weeks of the experiment, the 3 groups of animals 
showed a rapid increase in lecithin, the dark group showing the greatest 
amount throughout this period; the light group next with slightly 
less; and the open laboratory group with the lowest level for the 
3 groups. 

The animals exposed to the uUra-\iolet light maintained the highest 
level of lecithin during the first part of the experiment, but during the 
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last 8 weeks they were the lowest of the 4 groups. Beginning with 
lecithin far below the 3 other groups, the ultra-violet animals showed 
a rapid increase which reached its maximum about Feb. 21. This 
occurred at a time when the 3 other groups were e.xhibiting decreasing 
trends. From this high point, the lecithin decreased and reached a 
minimum about the same time as the light and dark groups, this 
being the lowest point attained by the ultra-violet group throughout 
the experiment. A slight increase in lecitliin was found at the next 
examination, but this was followed by 2 determinations of decreasing 
values. It will be noted that this decrease occurred at a time when 
the 3 other groups exhibited their greatest per cent increase. From 
this low level the lecithin in the ultra-violet group gradually increased 
and at the last determination was slightly higher than for the group 
living in the open laboratory or the group exposed to Cooper Hewitt 
light. The general level of lecithin maintained by the ultra-violet 
animals throughout the last 8 weeks of the experiment, however, was 
markedl)’’ lower than that of the 3 other groups. 

Considering the calcium, inorganic phosphorus, cholesterol, and 
lecithin throughout the course of the experiment in all groups of 
animals, it will be noted that the curves representing the trend of 
these 4 blood constituents may in general be divided into two periods. 
The first 8 weeks of the experiment showed the greatest degree of 
irregularity in trend and frequency of A^ariation. This period, as 
suggested by Brown (3) may be called the period of adjustment or 
accommodation to changed environment. In this experiment the 
period of acconmiodation was about 2 weeks longer than that required 
by the group of animals previously reported (2) but this difference in 
time may be attributed to the difference of environmental conditions. 
The second period, comprising the last S weeks of the experiment, 
was characterized by relative stability. During this last 8 weeks, 
each group of animals exhibited and maintained more or less distinct 
levels for each of the 4 blood constituents which can only be explained 
on the basis of differences in light environment, since all other factors 
for the 4 groups of animals were, as far as possible, the same. 

The mean values for calcium, inorganic phosphorus, cholesterol, 
and lecithin maintained by these 4 groups of animals over the entire 
period of the experiment are presented in Table VI. These values 
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show differences of the same general order as those indicated in the 
text-figures. 

Ratios. 

The 6 possible combinations of calcium, inorganic phosphorus, 
cholesterol, and lecithin in the form of ratios are presented in Text-figs. 
5 to 10 inclusive. In order that each group might serve as a control 
for the others all values were reduced to terms of a percentage devia- 
tion from a standard mean as explained above. 

Each of the 6 ratio text-figures is divisible into two sections as in 
the case of the curves showing the variations in the amounts of the 4 
substances. The first period of some 8 weeks represents the period 
of accommodation to the changed environment. It will be noted 
here, as in the previous curves, that all ratios during the first 8 weeks 
exhibited wide degrees of variation and rather abrupt changes, and 
that it was not imtil the last 8 weeks of the experiment that any degree 
of stability was maintained by aU groups of animals. Since the true 
effect of the conditions studied is shown best by the results obtained 
during the last 8 weeks of the experiment, the discussion will be limited 
to this period. 

The most consistent and the highest calcium-inorganic phosphorus 
ratio (Text-fig. 5) was maintained by the animals living in the dark 
room. WTiile both calcium and inorganic phosphorus showed a cer- 
tmn degree of variation during this period of the experiment, the ratio 
between the 2 substances was practically constant. A change in 
relative position took place between the light and open laboratory 
animals during the last 5 weeks^ period. At the beginning, the light 
group exhibited a higher ratio of calcium-inorganic phosphorus, but 
fell slightly below the open laboratory groups after I^Iar. 22. This 
change in ratio value was due primarily to the drop in inorganic phos- 
phorus of the animals in the open laboratory below that maintained 
by the light group. 

The lowest calcium-inorganic phosphorus ratio during this period 
of the experiment was maintained by the animals exposed to ultra- 
\nolet light. This low ratio was due to both a decrease in calcium 
and an increase in inorgamc phosphorus. The order into which these 
4 groups of animals aligned themselves with respect to the calcium- 
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inorganic phosphorus ratio was first, the animals living in the dark 
with the highest ratio; second, the open laboratory group; third, the 
light group; and fourth, the ultra-violet group with the smallest ratio 
value. It will be noted that all values were lower than those for the 
standard group (3). This was due mainly to a difference in calcium 
values. 

Stability in the lecithin-cholesterol ratios (Text-fig. 6) for all groups 
of animals did not occur until some 10 days after the calcium-inorganic 
phosphorus ratios had been established at more or less definite levels. 
The delay in lecithin-cholesterol stabilization was due chiefly to the 
variation which occurred in the cholesterol content of the blood during 
this period. 

The lughest lecithin-cholesterol ratio was maintained by the animals 
living in the dark room. At the beginning of the last 8 weeks’ period, 
the ratio maintained by the light group coindded with that of the 
dark, but during the final 5 weeks, there was a separation of the 2 
groups, the ratio of the light falling below that of the dark group. 

The animals living in the open laboratory showed the least varia- 
tion in the lecithin-cholesterol ratio. With the beginning of the last 
8 weeks’ period, this group gave ratio values below both the dark and 
light groups. The final ratios were somewhat lower than that main- 
tained by either the light or dark groups. 

The animals exposed to the ultra-violet light maintained the lowest 
lecithin-cholesterol ratio. This low value was maintained throughout 
the last 8 weeks. Listing the 4 groups of animals in the order of the 
relative magnitude of the levels maintained, the animals in the dark 
room came just with the highest lecithin-cholesterol ratio; the light 
group second; the open laboratory group came third; and the ultra- 
violet animals fourth with the smallest ratio values. The low position 
of the ultra-violet group was the result of the high cholesterol (Text- 
fig. 3) and the comparatively low lecithin values (Text-fig. 4) exliibited 
throughout this last 8 weeks’ period. 

The cholesterol-calcium ratios (Text-fig. 7) for the 4 groups of 
animals showed levels which were just the reverse of the lecithin- 
cholesterol ratios. The ultra-violet groups maintained the liighest 
cholesterol-calcium ratio throughout the last 8 weeks; the open labora- 
tory group, except for the last value, came next with a slightly lower 
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ratio; then the light group; and the animals in the dark with the lowest 
value for this period of the experiment. 

The ratio of lecithin to inorganic phosphorus (Text-fig. 8) was high- 
est in living in the dark room. The light and open laboratory 

groups came next with a slight decrease in ratio values, and it will 
be noted that at the time of the 2 last determinations these groups 
gave values which coiucided. 

The ratio of lecithin to inorganic phosphorus maintained by the 
ultra-violet group was markedly below that found in any other group 
of animals. This low ratio was due mainly to a high inorganic phos- 
phorus, but the lecithin was also lower than in the other animals. 

The cholesterol-inorganic phosphorus ratio (Text-fig. 9) showed 
marked delay in stabilization with more overlapping of the trends 
than any of the other ratios. This condition may be ascribed to the 
wide variation in cholesterol content of the whole blood than to the 
inorganic phosphorus which exhibited a much greater degree of stabil- 
ity and maintained a definite separation of levels for each of the 4 
groups of animals. 

The animals living in the open laboratory gave the highest choles- 
terol-inorganic phosphorus ratio except for the last determination at 
which time these animals were the lowest of the 4 groups. The ultra- 
violet group, which at the beginning of this period gave values below 
those for all other animals, came next with a slightly lower ratio; the 
final value, however, was slightly above that obtained for the 3 other 
groups. 

The animals in the dark room exhibited a greater stability with 
respect to their cholesterol-inorganic phosphorus ratio than the other 
groups of animals. WTiile at the be^nning of this period the ratio 
values of the dark group were well above those of other animals, the 
subsequent increase was less than that of the open laboratory and 
ultra-violet groups, both of which rose to a higher level than the dark 
group. At the last determination, the ratio for the animals in the 
dark coincided with that found for the light group. The animals 
exposed to Cooper Hewitt light maintained a cholesterol-inorganic 
phosphorus ratio below that of the dark group throughout the e.xperi- 
mcnt, except as pointed out, at the time of the last examination when 
these 2 ratios were the same. 
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The results of the 6 ratio cuiA^es (Text-figs. 5 to 10) with respect 
to relative position of each group of animals during the last 8 weeks of 
the experiment are presented on a comparative basis in the following 
table, the figure 1 representing the highest and 4 the lowest ratio 
value. 


Group 

tj 

Lec./Chol. 

6 

*0 

U 1 

ei 

(j 

.5 

Chol/P. 

(3 

Dark room 

1 

1 

n 

1 


1 

Cooper Hewitt 

3 

2 


2 


2 

Open laboratory 

2 

3 

Kl 

! 3 


' 3 

Ultra-violet 

4 

4 

B 

; 4 

! 4 

1 

4 


These results show definitely that the group of animals in the dark 
room and those exposed to ultra-violet light occupied diametrical 
positions with respect to their ratio levels. Except for 2 ratios, the 
animals in the open laboratory maintained values next to that of the 
ultra-violet group, while the light group gave results nearer those of 
animals in the dark. 


Distribution. 

The distributions of all values obtained for each of the 4 substances 
studied are presented according to groups in Te.xt-figs. 11 to 14 in- 
clusive. These curves are similar in form to those previously re- 
ported (1) except for the one curve representing the distribution of 
cholesterol for the ultra-violet group of animals. The irregularity in 
this curve is probably due to the extreme high values obtained for 
these animals during the last 6 weeks of the experiment. The differ- 
ences in position of the other curves correspond to the results presented 
in Text-figs. 1 to 4, 


Correlation. 

The coefficients of correlation for the 6 possible combinations of 
calcium, inorganic phosphorus, cholesterol, and lecithin are presented 
in Table VI. Section (a) gives the results obtained by calculating the 
correlation coefficients using mean values for each group and, there- 
fore, presents the_ relationship with respect to trend. Except for 
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fP.Ca. which gives a positive correlation for the 4 groups of animals, 
the remaining 5 correlations were the same with respect to sign as those 
presented in a previous report (1). The highest degree of correlated 
trend was found in the fChol. Lee. of animals e^^osed to the Cooper 
Hewitt light. In the rP. Lee. the ultra-violet group gave the highest 
degree oi correlated trend. 

In section (b) of the same table the correlation coefficients are cal- 
culated on the basis of the mean values maintained by each individual 
animal throughout the experiment. The signs of the rP.Ca. in this 
section are negative, while in the previous section they are positive. 
This is due to the fact that while individual animals maintained nega- 
tive relationships in their corresponding sigma values, the general 
trend of the mean values for calcium and inorganic phosphorus tend 
to parallel each other in degree and direction of variation. 

The correlation coefficients in section (c), calculated on the basis 
of a comparison of single determinations with the means for the entire 
series, give values which in the majority of cases are the same as sec- 
tion (a). 

Throughout the 3 sections it wlQ be noted that the rCholXec. were 
all positive in sign, the magnitude of the coefficients varying somewhat 
with respect to the different groups and method of calculation. These 
results correspond with those reported in a previous paper (1) and 
seem to indicate that the 2 lipoid substances, cholesterol and lecithin, 
parallel each other in variation and trend. 

The relationship existing between the inorganic phosphorus of the 
blood serum and the lecithin of the whole blood is of especial interest. 
Reviewing the results so far obtained with respect to these two sub- 
stances, it will be noted that lecithin in all cases has proved to be the 
most variable constituent and has shown the most abrupt and most 
frequent change of trend. The coefficient of variation and standard 
deviation of inorganic phosphorus emphasize the stability of this sub- 
stance when compared to the lipoid fraction. It seems probable, 
therefore, that there is a reciprocal relationship existing between in- 
organic phosphorus and lecithin and also the lipoid fraction mav ser\-e 
as a rcser\’oir or source of supply for the inorganic form. 

The results show that animals when brought into the laboratory' 
pass through a period of adjustment or accommodation which in this 
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experiment covered a period of about 8 weeks. The mechanism by 
which these effects are induced is unknown. 

The results obtained from this experiment are interpreted as fur- 
nishing evidence that exposure to the ultra-violet light for a compara- 
tively brief period daily results in a definite change in levels of calcium, 
inorganic phosphorus of the blood serum and cholesterol and lecithin 
of the whole blood. Animals e.\'cluded from the effects of all light, as 
far as is practicable, maintained levels of the 4 blood constituents 
diametrical to the group of animals exposed to ultra-violet rays. The 
animals living in the open laboratoty and those exposed to the Cooper 
Hewitt light exhibit levels of the 4 blood constituents which are some- 
what similar in position, but both groups maintained values just be- 
tween those of the dark and ultra-violet groups of animals. 

SUMSIARY. 

Experiments are reported in which it was shown that the calcium, 
inorganic phosphorus, cholesterol, and lecithin in the blood of normal 
rabbits were influenced by 4 t 3 Tpes of light environment. The results 
of the experiments seem to warrant the following conclusions: 

1. Animals exposed to the ultra-violet light for a brief period each 
day give results which are diametrical to those obtained for animals 
living in total darkness. 

2. The results obtained for animals exposed to the Cooper Hewitt 
light and for those living in the open laboratory are somewhat similar 
but occupy a position between those of the dark and ultra-violet 
groups. 

3. Animals do not develop immediately the characteristic effects 
of a particular environmental condition, but pass through a period of 
accommodation which varies somewhat with different environmental 
conditions. 
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REACTIONS OF RABBITS TO NON-HEMOLYTTC 
STREPTOCOCCI. 

n. Skin Reactions in Intravenously Imhunized Animals. 

By homer F. EUTFT, M.D., A^-D C. L. DERICK, iU). 

{JFroni Ute Eospiicl of The Rockefeller Institute for Medical Research?) 

(Received for publication, February 18, 1929.) 

^ In previous papers it has been shown (1, 2) that rabbits inoculated 
in practically any manner, except intravenously, with sufficiently large 
doses of certain non-hemolytic streptococci developed a condition of 
tissue hypersensitiveness. This was made e\adent by the occurrence 
of secondary reactions at the site of the primary inoculation, by the 
presence of comeal sensitivity after a certain period, by much larger 
reactions following intracutaneous re-inoculation than occur in normal 
animals inoculated with similar doses of culture; and finally by death 
of many of the animals following intravenous inoculation with amounts 
of culture well tolerated by normal rabbits. It was also shown that 
if the primary inoculation of the animals had been by the intravenous 
route, using amounts of culture and time intervals comparable with 
those employed in the h)^ersensitized {i.e,, intracutaneously inocu- 
lated) rabbits, these intravenously inoculated animals responded with 
none of these reactions of h^’persensitiveness. From such observa- 
tions one might have concluded that they reacted to re-inoculation in 
the same manner as normal animals; but on closer study it was found 
that their reactmty differed from that of either normal or hypersen- 
sitive animals. The object of this communication is to present the 
macroscopic e\ndence that these intravenously inoculated rabbits react 
differently than do normals to intracutaneous inoculation. 

experucental. 

The methods employed were comparatively simple: animals were 
inoculated intravenously udth varying amounts of centrifugate of 18 
to 24 hour blood broth cultures of non-hemolytic streptococci, and 
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after varying periods were inoculated into the previously depilated 
skin with decreasing amounts of similar cultures of homologous micro- 
organisms. The test doses were usually 10“' cc., 10“^ cc., 10“^ cc., 
and 10“^ cc., the first in 0.1 cc. volume, the other three in 0.05 cc. 
volumes, as it was found that wth these amounts distinct differences 
in reaction of the various animals were made quite clear. At the 
time of the skin testing a group of normal control animals was in- 
oculated in a similar manner; hence the strength of the culture used 
in any given experiment was determined. 

Experiment 1. — Two rabbits, QSIS and Q516, were inoculated intravenously on 
Feb. 5 and Feb. IS, 1926, with the centrifugate of 5 cc. of culture of Streptococcus 
V92/0/11. On Feb. 19 they, together with 3 normal controls, Q531, Q532, Q533, 


TABLE I. 

Average She of Lesions following Intracutaneous Inoculation of Rabbits Previously 
Inoculated Intravenously, Compared with Controls. 



No. 

! 

Size of inoculum 


10"* cx:. 

10“5 CC. 

10"» cc. 

Intravenously inoculated 

1 

1 

I 2 

mm* 

33 

mm. 

15 

mm. 

Negative 

Normals 

3 

39 

20 

9 


* Indicates average sum of 2 longest diameters of the lesions. 


were inoculated intracutaneously with 10~* cc., 10“^ cc., and 10“^ cc. of the 
homologous strain. The lesions were measured and described daily. 2 da3's later 
a striking difference in the reactions of the 2 groups of animals was evident: At 
the site of the 10“i cc. inoculation of Rabbits QS15 and Q516 there were red, 
hard, shotty lesions; at the site of the 10“- cc. lesions there were flat, barely 
palpable, pink, maculopapules, and where 10"^ cc. had been injected there was no 
macroscopic evidence of injury. The controls at this time showed larger and 
softer lesions resulting from inocidation of 10“i cc. and 10“^ cc. doses and with 
one e.\ception also distinct soft papules at the site of the 10”® cc. inoculation. 

Because all of the rabbits received intravenous inoculations 7 
days later the subsequent development of the lesions was probably 
altered, hence the main differentiation between the 2 groups appears 
in the physical characteristics of the reactions and in the average size 
of comparable lesions in the 2 sets of animals, as shovm in Table I. 
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The resiolts of a difierent time interval between the immunizing 
and testing doses are shown in Experiment 2. 

Experi7ne7ii2r-E2ich of 4 animals, Q380, Q381, Q385, and Q386, received intra- 
venously the centrifugate of 10 cc. of blood broth culture, V92/0/10. 20 days 
later the reactivity of their skins, together with that of 4 controls, was tested 
with doses of lO'i cc., 10-- cc., and 10“^ cc. of homologous culture. The results 
are shown in Table II. 


TABLE n. 


Comparison oj Skin ReacUviiy of Rabbits hitrazenoiisly Immunized 20 Days 
Previously with That of Normal Animals. 



Rabbit 

No. 

Sum of diameter of lesions 

Secondary 

reaction 

Retested after 10 da^; sum 
of diameter of lesions 

Size of inoculum 

Size of inoculum 

10^ cc. 

i(r*ccL 

l0-*cc. 

10-*cc. 

10-2 cc. 

10-*cc. 



nm. 

nn. 

rirt. 


rsffi. 

nm. 

nn. 

Immunized intra- 

Q380 

55 

22 

16 

0 

44 

23 

16 

venously 

Q381 

30 

30 

16 

0 

37 

26 

22 


Q385 

46 

26 

24 

0 

52 

24 

16 


Q386 

32 

‘23 

16 

0 

33 

29 

17 

Average 


41 

25 

18 


41 

25 

18 

Normal 

Q115 

36 

22 

16 

+ 

76 

30 

24 


Q416 

37 

20 

0 

+ 

46 

27 

18 


Q117 

49 

25 ' 

27 

0 

47 

25 

16 


Q418 

50 

19 

0 

0 

46 

27 

21 

Average 

• 

43 

21 

11 


54 

27 

20 


It is at once obvious that the differences in the size of primary re- 
actions between the intravenously inoculated group and normals was 
not so marked as in Experiment 1. Neither was the nodular character 
of the lesions of the immunized group so marked as in the first experi- 
ment. Nevertheless, 2 of the 4 normal rabbits showed secondary re- 
actions at the sites of the 10“^ cc. and 10“= cc. inoculations, while none 
of the immunized animals showed secondary reactions. 

It thus appears that differences in the interval between immunizing 
inoculation and skin testing had a distinct influence on the character 
of the reaction following intracutaneous inoculation. When this 
period was short, as in Experiment 1, the differences between the 
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immune and normal animals were greater than in Experiment 2, where 
an interval of 20 days had elapsed. It is probable that the relatively 
slight immunity that followed the single intravenous injection of 10 cc. 
of streptococci was passing off by this time. Still it was sufficient to 
prevent the development of secondary reactions, and an accompany- 
ing general hyperergy; for the immunized group retested 10 days later 
showed practically the same sized lesions as when first tested, while 
the controls similarly retested showed distinctly larger lesions. 

The effect of more prolonged continuous intravenous inoculation is 
brought out better in Experiment 3. 

Experiment 3 . — group of 7 animals, R651, R6S2, R653, R654, R655, R657, 
and R658, were selected for immunization with culture of Streptococcus VIIOA. 
Five of them were inoculated intravenously as follows: 1st day 1 cc., 3rd day 
1 cc., Stli day 2 cc., 7th day 4 cc., 12th day 5 cc. Two received only 1 cc. 
each on the 11th and 14tlr days respectively. On tlie 16th day all were tested 
with intracutaneous inoculations of 10~i cc. and 10“- cc. of blood broth culture of 
homologous streptococci; 7 normal rabbits were tested with similar doses. On 
the 18th day the first 5 rabbits of the first group eacli received the centrifugate of 
4 cc. of culture intravenously and the other 2 cc. On the 27th day all received 
4 cc.; thus the immunization w'as continued during tlie period in which secondary 
reactions might have been e.\'pected to appear. 

The results of these intracutaneous inoculations are shown graphic- 
ally in Charts 1 and 2. In Chart 1 are given the curves formed from 
daily measurements of the sum of the 2 longest diameters of the lesions, 
wliile in Chart 2 the volumes of the lesions resulting from the 10"- 
cc. inoculations are indicated.^ A distinct difference is immediately 
evident. Only 3 out of the 7 rabbits inoculated intravenously showed 
secondary reactions, but 2 of these had received only 2 small inocula- 
tions before the skin testing; the third showed only a slight and late 
secondary reaction. Six out of the 7 normal animals, on the other 
hand, developed secondary reactions, which in most instances usually 
appeared about the 8th to the 10th day; none of the immune animals, 
on the other hand, showed secondary reactions before the 14th day. 
The primary reactions of the 2 groups of animals also showed similar 
differences in consistency and size to those previously noted. These 
differences in size are brought out more strikingly by comparing their 


’ The method of calculating these volumes is given in a previous paper (2). 
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volumes as shown in Chart 2, where not only the greater initial size 
of the primarj' lesions, but also that of the secondary reactions in the 



Chart 1. Comparison of sizes of lesions of immune and nonnal rabbits foUo'w- 
ing intracutancous inoculation with Streptococcus VllOA. 

normal animals is made evident. The immunized animals showed 
only relatively small increases in their lesions at the time of their sec- 
ondarj' reactions, while the normal animals showed verj' marked in- 
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creases. This experiment indicates how necessary it is not only to 
measure the diameters, but also to pay careful attention to the thick- 
ness of these lesions. The nodular character of the primary reactions 
in the immune gr;oup compared with softer lesions in the normal ani- 
mals was observed here as in previous experiments. 



Chart 2. Comparison of volumes of lesions of immune and normal rabbits 
following intracutaneous inoculation with 10~' cc. of blood broth culture of 
Streptococcus VllOA. 

In view of the fact that such differences in the tissue response could 
be demonstrated when animals were previously inoculated intrave- 
nously with living organisms, it was decided to investigate whether or 
not a similar alteration in responsive capacity could be detected if a 
bacterial fraction were used as the immunizing agent. It had been 
previously demonstrated by Lancefield (3) that the nucleoprotein ex 
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tract of green streptococci was the only fraction with a definite anti- 
genic capacity. She, therefore, prepared a fairly large quantity of 
nucleoprotein of Streptococcus V92 with which a group of rabbits 
was immunized intravenously, as indicated in Experiment 4. 

Experimejit 4.— Eight rabbits were injected intravenously with a normal saline 
solution of green streptococcus nucleoprotein as follows: 1st, 2nd and 3rd days, 10 
mg. each day; 9th, 10th, 11th and 12th da>^, 20 mg. each day; 17th, 18th, 19th 
and 20th days, 30 mg. each day. On the 26th day each rabbit received intra- 
cutaneous inoculations with the centrifugate of blood broth culture of Strepto- 
coccus V92 in the following amounts, 5 cc., 5 cc., 10 cc. and 10"- cc.; 4 normal 
controls were similarly inoculated. The curves showing the reactions of 4 of the 
immunized animals compared with the 4 controls are shown in Charts 3 and 4. 
Only the curves of the 10"^ cc. and 10"- cc. lesions are given because the intensit>’ 
of the response to 5 cc. of culture was so marked in all rabbits that difierences in 
the 2 groups were not made so evident as with the smaller inocula. 

WTiile differences in the diameters of the primary lesions in the 2 
groups of animals were not very marked, it became apparent, as the 
evolution of the lesions was followed, that there was a distinct differ- 
ence in the response of the animals. AH of the normal controls 
showed well marked secondary reactions in aU of their lesions, while 
only 3 of the 8 immunized animals developed secondary reactions in 
the smaller lesions; and in 2 instances these were slight and delayed. 
The striking difference in the character of these secondary reactions 
is brought out in Chart 4, where the volume of the 10~- cc. lesions of 
4 of the immunized rabbits is compared with similar lesions in the 
4 controls. 

\\Tiile the average volume of the primary lesions was 69 c.mm. in 
the immunes compared with 94 c.mm. in the controls, that of the 
secondary reactions was 25 c.mm. in those developing these reactions 
compared with 230 c.mm. in the controls. It is e\ddent, therefore, 
that immunization with nucleoprotein over a period of approximately 
4 weeks had altered the rabbits’ t}^e of response towards intra- 
cutaneous inoculation in the direction of a diminished intensity of 
reaction. It must be realized that the amount of nucleoprotein used 
represented large bacterial growths, and that probably a similar period 
of immunization with a corresponding amount of vaccine would have 
been more efficacious. The main point to be gathered from this ex- 
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Chart 4. Comparison o! volumes oi lesions o! rabbits immunized with nucleo- 
protcin of green streptococci and normal rabbits following intracutaneous inocula- 
tion with 10*- cc. of blood broth culture of Streptococcus V92. 
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periment was that the nucleoprotein fraction carried the immuniz- 
ing substance. 

As a final experiment the effect of prolonged intravenous immuniza- 
tion was studied as shown in Experiment 5. 

Experiment 5. — ^Twelve rabbits were inoculated intravenousb^ over a period of 
9 weeks. In the beginning O.S cc. of whole blood broth culture of Streptococcus 
VI lOA was employed. This was gradually increased to 2 cc. after 10 days; but 
the rabbits began to lose weight so rapidly tliat immunization was discontinued 
for a week, then recommenced with 1 cc. of heat killed culture. This, in turn, 
was graduallj' increased until 5 cc. doses were given; subsequently immunization 
with living culture was resumed without depressing the rabbits. During the 
succeeding period of 4 weeks 9 inoculations were given by gradually increasing the 
dose from 1 cc. to 4 cc. of living blood broth culture. At the end of this period the 
sera of all the rabbits showed a precipitin titer of 1:4000 to 1:8000 when tested 
against nucleoprotein prepared from Streptococcus VllOA. The agglutinin titer 
of the sera could not be determined because of spontaneous agglutination of the 
cultures. 

After this course of 9 weeks’ immunization the skin reactivity of aU the rabbits 
together with that of 4 normal controls was tested with Streptococcus VllOA/O/S 
in 6 doses of from 10~* cc. to 10~® cc. None of the animals showed reactions at 
the sites of the 10"^ cc., 10”® cc., and 10~® cc. inoculations. The maximum and 
average sizes of the lesions in the 3 larger lesions in all of the animals are shown 
in Table III; also the volumes of the 10”* cc. and 10”® cc. lesions are given. 

While quantitative variations in the response of tlie different ani- 
mals occurred, there was almost a uniform tendency for the immunized 
animals to show smaller lesions tlran the controls. The ratio of tlie 
averages in the immune group compared with the normals at the sites of 
the different inocula was 1 cc. 2 : 3 ; 10"- cc. 1:2; 10"® cc. 2 : 3. When 
volumes of lesions are compared, just as in previous experiments, the 
differences are even more striking. In the 10 ~~ cc. lesions the average 
ratio was 1:3, and in the 10~® cc. lesions 4:9. The daily notes of the 
consistency of the lesions also brought out striking differences. The 
immune animals had very hard shotty lesions, particularly at the sites 
of 10~® cc. inoculations, while the normal animals showed some edema 
with only moderately infiltrated lesions from tlie 1st to the 3rd da 3 ^s. 
These differences were so striking that the immune animals could be 
readily differentiated from the controls by simple comparison of the 
size and character of the corresponding lesions. 

None of the immune animals showed secondary reactions in any of 
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their lesions, while 3 out of the 4 controls developed secondary reac- 
tions. Itmay be objected that the differences in the size of the 2 groups 
tend to invalidate the comparisons, but all of 4 other normal rabbits 
inoculated with a corresponding culture 2 days later developed primary ' 
lesions and secondary reactions similar to these 4 controls; so it may 

TABLE m. 


Comparison of Skin Reactivity of Rabbits Immunized Intravenously Over a Long 
Period with Normal Controls. 



Rabbit No. 

Sam of diameters of lemons 

Volume of lesions 

Size of inoculum 

Size of inoculam 

10-1 cc. 

10^ cc. 

lO-^cc. 

lO-i cc. 

10-*cc. 



mn. 

mm. 

nn. 

c.mri. 

c.mn. 

Immunized intxa- 

1119 

40 

17 

12 

98 

15 

venoudy 

1120 

35 

17 

V. and p.^ 

90 

V. and p / 


1122 

42 

21 

13 

117 

17 


1123 

34 

19 

12 

108 

6 


1124 

24 

16 

9 

50 

2 


1125 

40 

25 

15 

165 

22 


1131 

38 

16 

12 

10 

14 


1135 

47 

18 

10 

54 

! 2 


1136 

53 

28 

20 

188 

60 


1138 

38 

20 

14 

106 

20 


1139 

33 

20 

IS 

100 

12 


1140 

42 ! 

28 

IS , 

157 1 

22 

Average 


39 

20 

12 

110 

16 

Normal 

1253 

70 


20 

517 

55 


1254 

52 


15 

150 

10 


1255 

53 

34 

18 

315 

48 


1256 

78 

38 

17 

423 

45 

Average 


63 

37 

17 

334 

37 


* Kon-measurable, visible and palpable. 


be safely conduded that these controls represented the average re^ 
sponse of normal animals at this period. This experimentj therefore, 
indicates that prolonged intravenous immunization causes a group of 
animals to react to subsequent intracutaneous inoculation in a more 
unifoiTO manner than docs short immunization such as was carried 
out vith Imng streptocoed in the earlier experiments, or with strepto- 
coccus nudeoprotein as in Experiment 4. 
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DISCUSSION. 

It is common knowledge that previous inoculation alters the reaction 
of an animal towards an infectious agent; in fact upon this knowledge 
are based our efforts towards the prevention and cure of infectious 
diseases where the various techniques of immunolog}'- are employed. 
In certain conditions the outstanding defensive agents are easily de- 
monstrable in the body fluids in the form of antito.xins, opsonins or 
similar antibodies. In other diseases, where the invasi^'e micro- 
organisms have relatively low virulence, or elaborate comparatively 
little exo toxin, the defensive mechanism seems to reside in the cells 
rather than in the humors of the body. But in most infections both 
humoral and cellular factors apparently play a role; and in proportion 
as one or the other predominates, so, in part at least, may differences 
in the focal manifestations of infection and resistance be explained. 

Following Pirquet’s (4) observations and introduction of the term 
allergy, studies of the local manifestations of reinfection have assumed 
a constantly increasing importance, until at the present da}’’ an enor- 
mous literature has grown up about this word. It seems to be quite 
generally accepted that the phenomenon of allerg}’- represents a very 
intense local effort on the part of the animal to limit the acti-vity of 
infectious agents or foreign substances to the site where tliey gain 
entrance into the animal’s body. It is also obvious that local re- 
actions are quite different following the introduction of such agents as 
vaccinia, tubercle bacilli, egg albumin or primin into suitably al- 
lergized animals or men. Re-inoculation with vaccine \’irus results 
in smaller local injury than occurs at the time of first inoculation, 
while reinjection with egg albumin leads to more marked local reaction, 
which increases in intensity with increase of circulating antibodies (5). 
Re-inoculation with tubercle bacilli, on tire other hand, is followed by 
destructive localized tissue reaction, the Koch phenomenon, without 
any corresponding increase of antibodies in tire blood serum. Re- 
peated treatment of the skin with primin, a nitrogen free ether ex- 
tract of primrose results in a type of allergy made manifest by an 
eczematous inflammation of the skin (6). In these four examples of 
allergy the differences in local response may be e-xplained in part by 
differences in the nature of the antigen or inciting agent. Following 
the introduction of tubercle bacilli into the body tubercles are formed 
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with an accompanying general state of tuberculin allergy^ regardless 
of the presence of demonstrable circulating antibodies. Egg albumin, 
on the other hand, may be introduced intravenously into an animal 
without producing gross focal injury; nevertheless with the develop- 
ment of antibodies a state of allergy ensues. It is therefore apparent, 
as pointed out by Zinsser (7),Doerr (8), Coca (9), and others, that the 
allergy induced by’’ bacteria and by coagulable proteins is different. 
In practically all instances in which a tuberculin-like allergy is induced 
this follow^s some focal tissue reaction resulting from injury by the re- 
spective micro-organism. 

But, in so far as we are aware, no comparison has pre\dously been 
made of the type of tissue reaction which follows the introduction of 
bacteria into the body so that in the one instance gross lesions are pro- 
duced and in the other no macroscopic lesions are formed. One di£5- 
culty attending such experimentation has been due to the fact that 
most bacteria, previously used in the study of allergy’’, induced focal 
lesions regardless of the route employed for inoculation. But with 
non-hemolytic streptococci, such as we have employed, these condi- 
tions could be more easily controlled. Strains with which it was pos- 
sible to induce a condition of tuberculin-like allergy when they were 
injected into the tissues, could also be used to decrease the animal^s 
tissue reactivity when they were injected intravenously in suitable 
doses. Ordinarily streptococci of this type quickly disappear from 
the blood stream without producing gross lesions; but in some in- 
stances, especially when large doses are employed, the animals develop 
endocarditis or arthritis. In one rabbit of Experiment 3, in which an 
arthritis of the wrist had followed the early intravenous inoculation, 
the skin test inoculation was followed by’’ lesions of the hyqjersensitive 
rather than of the immune ty^e. This isolated example taken in con- 
junction with other experiments previously reported (2) supports the 
viewpoint that focal lesions are probably necessary for the develop- 
ment of hyq)ersensitiveness of infection. 

Another point worthy of note is that intravenously immxmixed rab- 
bits when inoculated intracutaneously” with suitable doses show lesions 
of a different character than do either normal or hy’persensitive ani- 
mals, lesions that have little if any edema and are hard and firm after 
24 to 48 hours. In fact these lesions show much less change in size 
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after 2 days than do the lesions in other types of animals. The larger 
inocula often are followed in 4 or 5 days by globular sac-like areas 
persisting for weeks, and smaller inocula produce small hard persistent 
nodules. In other words, the entire and complete reaction seems to 
take place much more quickly in the immune than in other states of 
allergy. The microscopic comparison of the different types of lesions 
will be reported in a later communication. 

Finally, for purposes of completeness it should be noted that certain 
rabbits give reactions following intracutaneous inoculation which 
differ from any of those previously described by us. These reactions 
are usually less marked than those of normal animals, are soft, have 
very little color, fade rapidly, and do not show secondary reactions. 
They occur in rabbits which appear sick, either due to an overwhelm- 
ing infection from streptococci, or from any other cause. These ani- 
mals are usually emaciated and have a skin which is wrinkled, gray 
and lacking in tone. We have designated these reactions “cachectic,” 
and after a little experience have learned to recognize them within 2 
or 3 days following intracutaneous inoculation. Obviously the in- 
clusion of such animals in any group is to be avoided for they vitiate 
statistical comparisons. 

Within recent years it has become evident to many observers that 
different states of resistance towards a given bacterium could be in- 
dicated by differences in cutaneous reactivity. For example, a patient 
showing well marked positive reaction to intracutaneous injections of 
tuberculin may lose this skin reactivity during an attack of measles 
or other infectious disease, or if he becomes cachectic from a neoplasm 
or even from an overwhelming tuberculous infection. This has been 
designated as negative anergy, and corresponds with what we call 
cachectic reaction. It has also been observed that an animal may 
show decreasing skin reactivity to a certain fixed dose of a testing bac- 
terial extract while it is becoming more resistant to a general infection 
with the same bacterium (10). Tliis state has been designated as 
positive anergy, and probably corresponds with our designation, im- 
mune reaction. It seems probable, then, that tlie term allergy will 
have to be qualified in some manner, if it is to be continued as a means 
of expressing the idea of increased resistance accompanied by over- 
reaction of the tissues. For this reason we have at times used the 
term hypcrergy which has been employed by a number of German 



H. F. SX^IFT AND C. L. DERICK 


897 


pathologists (11, 12) to indicate a li}T)er-reactivity of the tissues, and 
the terms immune or cachectic to indicate gross decreases in reactivity 
according to the manner in which this decreased tissue reactivity is 
induced. 

SUMMARY, 

Rabbits immunized intravenously with living culture or nucleopro- 
teins of non-hemolytic streptococci react to subsequent intracutaneous 
inoculations with homologous streptococci with smaller and harder 
lesions than are shown by normal animals similarly inoculated; and 
they do not develop the general manifestations of hypersensitiveness 
such as are shown by animals previously inoculated into the tissues 
with the same cultures. 

A rabbit may react to intracutaneous inoculation with non- 
hemolytic streptococci in one of four ways, depending on whether it 
is normal, hypersensitive, immune or cachectic. Most normal ani- 
mals show a secondary reaction about 10 days after inoculation with 
suitable strains of non-hemolytic streptococci; hypersensitive, allergic, 
or hyperergic animals show much larger lesions than do normals with 
the corresponding doses of the same streptococci, and practically 
never show secondary reactions; immune animals show smaller and 
harder early lesions and usually do not have secondary reactions if 
they are fairly well immunized. Cachectic animals show very soft 
and rapidly fading primary reactions and no secondary reactions. 
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TREATMENT OF EXPERIMENTAL ACUTE GENERAL 
PERITONITIS IN THE DOG ‘ttUTH ILEOSTOilY 
AND SODIUM CHLORIDE SOLUTION. 

Bv THOMAS G. ORR, ant) RUSSELL L. HAUEN, iLD. 

{From the University of Kansas School of Medicine, Ka7isas City, Kaiisas.) 

(Received for publication, November 21, 1928.) 

Enterostomy as an aid in the treatment of peritonitis has attracted 
the attention of many clinidans in recent years. Since reports of its 
value have been somewhat conflicting we have made a study of the 
treatment of peritonitis by ileostomy from the experimental stand- 
point. In a recent publication we have reported the changes which 
occur in the blood chemistry in experimental general peritonitis (1). 
The blood chemistry has also been studied in this series of experiments. 
In addition to the treatment of general peritonitis with ileostomy a 
small series of dogs has been treated with both ileostomy and 1 per 
cent salt solution. 

Normal dogs, weighing from 7 to 15 kilos, were used in these experiments. 
Operations were done under complete ether anesthesia with aseptic technic. 
General peritonitis was produced by ligating the appendix Tvdth tape. At the 
same operation the ileum was divided 6 inches above the cecum, the distal portion, 
invaginated rvith a purse string suture and the proximal portion brought to the 
surface through the wound and sutured to the fascia and skin. In some cases a 
tube was placed in the lumen of the ileum to insure drainage. Blood was drawn 
daily and sometimes twice daily from the jugular vein for chemical analj'sis. The 
ammals were kept in a warm room in metabolism cages and given water ad libitum. 

The non-protein nitrogen was determined by the method of Folin and Wu (2), 
the urea nitrogen by the Van Slyke and Cullen modification of the Alarshall 
method (3) and the carbon dioxide-combining power by the method of \’an Slyke 
(4). The chlorides were determined on the tungstic add filtrate as suggested bv 
Gcttier (5). 


OBSERVATIQXS, 

In order to produce a general peritonitis, the appendix was freed 
at its base and snugly ligated with tape. .\ny animal developing 
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TABLE I. 


Appendix Ligated to Produce Peritonitis. Ileum Sectioned 6 Inches above Cecum 
and Proximal Open End Sutured to Skin for Drainage. 


Dog No. 

Day after 
operation 

Blood 

CQn 

combining 

power 

i 


Amount per 100 cc. 

Total 

non- 

protein 

nitrogen 

Urea 

nitrogen 

Chlo- 

rides 






vol. 1 




ms- 

' tng. 

' f/ig. 

^cr cent 


1 

0 

34.1 

18.2 

! 510 

36.2 

Operation 


1 

48.2 

25.2 

! 460 

40.0 



2 

91.5 

47.6 

390 

1 

38.1 

Autopsy — ^general peritonitis 

2 

1 0 

27.7 

12.1 

440 : 

36.2 

Operation 


1 

31.7 

13.5 

420 

36.2 



2 

94.0 

52.3 

350 

1 

— 

Autopsy — general peritonitis 

3 

0 

33.0 

17.2 

460 

34.3 

Operation 


1 ' 

40.0 

17.7 

450 

34.3 



2 

136.8 

67.7 

330 

— 

Autopsy — general peritonitis 

4 

i 0 

41.6 

22.4 

470 

30.5 

Operation 


1 

77.0 

39.2 

380 

34.3 



2 

165.0 

65.3 

370 

— 

Autopsy — general peritonitis 

5 

0 

24. S 

14.4 

430 

36.2 

Operation 


1 

20.2 

9.8 

400 

34.3 



2 

41.0 

19.6 

380 

38.1 



3 

50.8 

17.7 

400 

36.2 



4 

107.0 

66.3 

370 

28.7 



5 (a.m.) 

208.0 

91.0 

320 

29.6 



5 (p.m.) 

190.0 , 

83.5 

330 

20.2 

! Autopsy — general peritonitis 

6 

0 ' 

26.8 i 

12.1 

460 

31.5 

' Operation 


1 (a.m.) 1 

59.5 

37.3 

270 

— 

j 


1 (p.m.) 

104.0 

51.3 

320 

29.0 



2 (a.m.) 

131.0 

74.7 

290 

30.5 



2 (p.m.) 

114.0 

80.7 

300 

37.2 

1 


3 

159.0 

80.7 

280 1 

1 

40.9 

Autopsy — general peritonitis 

7 

0 

28.5 

1 

14.5 

460 

34.3 

Operation 


1 

42.8 

17.8 

410 

41.9 



2 

115.0 

59.8 

400 

32.4 



3 (a.m.) 

140.0 

77.1 

330 

36.2 



3 (p.m.) 

254.0 

129.8 

290 


Autopsy — general peritonitis 
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TABLE I^ondtided. 




Blood 



DogKo. 

Day after 
operation 

Amount per 100 cc. 



Total 
non- 
protein 1 
mlrogen 

Urea 

[litrogcn 

Chlo- 

rides 

poorer 




ms. 

ms. 

ms. 

Tol. 

1 per cent 


8 

0 

57.8 

31.7 

500 

1 37.2 

1 Operation 


1 

39.5' 

20.5 

470 

38.1 



2 ’ 

70.0 

36.8 

390 

36.2 



3 

61.0 

28.0 

350 

43-8 



4 

63.0 1 

29.8 

340 

44.7 



5 

88.3 

35.9 

330 

34.3 



6 

148.0 

94.8 

260 

— 

Autopsy — general peritonitis 

9 

0 

28.0 

8.8 

530 

43.8 

Operation 


1 

23.3 

11.2 

500 

30.5 



2 (ajn.) 

59-0 

32.2 

410 

22.1 



2 (p.m.) 

107.0 

56.0 

410 

29.6 



3 

US 


350 

22.1 

Autopqr — general peritonitis 


complications was discarded. Autopsy was done in every case to 
determine the extent of peritoneal involvement. More than 50 per 
cent of the dogs developed a localized abscess at the site of the appen- 
dix or got weU. Only those having a definite general peritonitis are 
recorded here. 

In the first series, which included nine animals (Table I), the length 
of life varied from 2 to 6 days with an average of 3 1/9 days. In a 
previous study of eight animals with general peritonitis without 
drainage of the ileum (1) the average length of life was 41/8 days. 

The changes in the chemistry of the blood were in all cases similar to 
those previously found in general peritonitis, showing an increase in 
the non-protein and urea nitrogen, a decrease in the chlorides and no 
constant change in the carbon dioxide-combining power. 

The second series of animals with ligated appendix and ileostomy 
(Table II), was treated early with 40 cc. of 1 per cent sodium chloride 
solution per kilo of body weight. These dogs lived from 4 to 18 days 
or an average of 10 1 /3 days. With the administration of salt solution, 
the changes in the chemistr}' of the blood were not marked. In some 
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TABLE ir. 


Appendix Ligated to Produce Peritonitis, Ileum Sectioned 6 Inches above Cecum 
and Proximal Open End Sutured to Skin, Treatment 
with 1 Per Cent Sodium Chloride Solution, 




RIood 





Dog Ko. 

Day after 
operation 

1 Amount per 100 cc. 

CO.- 

combining 

power 




Total 

i 







non- 

Urea 

Chlo- 






protein 

nitrogen 

nitrogen 

rides 







mg. 

1 

fWg. 

1 

mg. 

voJ, 

per cent 




1 

' 0 

1 29.1 

9.3 1 

410 

31.5 1 

Operation, 400 cc. 1% NaCI 


' 1 

1 31.6 1 

9,8 1 

480 

36.2 

u 

it it 

tt 


1 2 

1 j 

— 

1 

— . 

it 

a it 

ft 


i 3 

' 38.0 

14,9 

540 

21.9 

<t 

<{ {< 

tt 


I 4 

21.1 

9,3 

530 

29.6 

it 

it tt 

tt 



I 




1 Autopsy — general peritonitis 

2 

1 0 

1 54.6 

35.0 

530 

31.5 

1 Operation, 408 

cc. 1% NaC! 


1 

' 38.9 

14.0 

1 490 

1 30.5 

<c 

tt it 

tt 


2 

22.5 

7.0 

470 

30.5 ' 

it 

tt tt 

tt 


3 

1 22.9 

7.9 

; 470 

29.6 

it 

a tt 

tt 


4 

27.0 

9,3 

460 

' 34.3 

a 

tt tt 

tt 


5 

20.0 

7,5 

430 

32.4 

a 

it tt 

ft 


6 

27.0 

14.0 

480 

31.5 

it 

tt tt 

tt 



1 




Autopsy — general peritonitis 

1 

3 

0 

* 23.3 

9,8 

' 410 

24,0 

Operation, 400 cc. 1% NaCl 
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cases there was a terminal rise in the non-protein and urea nitrogen 
and in one case, living 18 days, a definite rise in the chlorides. The 
carbon dioxide-combining power showed no constant cliange. 

DISCUSSION. 

In this study of general peritonitis, treated with ileostomy from the 
beginning, no beneficial results are noted. Life is not prolonged by 
this method of treatment nor are tlie typical changes in the blood 
chemistry noted in experimental general peritonitis prevented. 

The animals treated with 1 per cent solution of sodium chloride 
hypodermically in addition to ileostomy lived three times as long as 
those having no salt solution. The administration of the sodium 
chloride solution was quite effective in preventing the chemical changes 
of the blood noted in animals without such treatment. The results of 
treatment with sodium chloride in this study are similar to those pre- 
viously recorded in the treatment of high intestinal obstruction (6). 

CONCLUSION. 

1. In esperimen tally produced general peritonitis drainage of the 
gut by ileostomy 6 inches above the cecum has no beneficial effect. 

2. Animals with experimentally produced general peritonitis 
treated with ileostomy plus 1 per cent sodium chloride solution live 
three times as long as those not given the salt solution. 
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THE RAPID SHALLOW BREATHING RESULTING FROM 
PULMONARY CONGESTION AND EDEI^IA. 

By EDWARD D. CHURCHILL, M.D., am) OLIVER COPE, M.D. 

{From the Surgical Laboratories , Massachusetts General Hospital, Boston) 

(Received for publication, December 12, 1928.) 

Experimental studies by Dunn (1) demonstrated that multiple 
embolism of the pulmonary arterioles and capillaries is followed by a 
temporary inhibition of respiration succeeded by rapid shallow breath- 
ing. Dunn attributed this phenomenon to the stimulation of sensory 
nerve endings in the lungs. This explanation was favored by the fact 
that the injection of starch produced no alteration in the respiratory 
rate when both vagi had been previously sectioned. 

Attracted to this problem by its bearing upon the occurrence of 
rapid and shallow respiration in lobar pneumonia, Binger and Moore 
and their associates (2-6) have carried out a carefully planned series 
of experiments. Their studies chiefly concern the effects of the em- 
bolism of pulmonary arterioles and capillaries produced by the intra- 
venous injection of starch grains under varying conditions. These 
observations were supplemented by other experimentally induced 
modifications of the pulmonary circulation. In their conclusion (6) 
to this instructive series of papers they state: “Since rapid and shallow 
breathing is not the result of (1) anoxemia, (2) increased pCO^ and 
hydrogen ion concentration of the serum, (3) restriction of pulmonary 
vascular bed by nearly half, (4) increase in resistance to the flow of 
blood to and from the lungs, (5) the presence of starch grains in the 
lungs acting as a local irritant, it must be the result of the secondary 
pathological changes wluch occur in the pulmonary parench^mia 
following embolism. The nature of these changes, congestion and 
edema has been discussed elsewhere. \\Tiether they operate directly 
on nerve endings or through their influence on lung volume and tissue 
elasticity is not certain.” In their discussion the authors are inclined 
toward the h>i>othesis of direct irritation of the vagal ner\'e endings, 
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but wisely decline to theorize in the absence of more direct ex^Deri- 
mental evidence bearing on this point- 
During the course of an investigation having quite another bearing, 
we have made certain obseix^ations which appear to demonstrate the 
occurrence of the usual signs of vagal stimulation in association with 
tlie experimental production of pulmonary congestion and edema. 
As a method completely different from those of Dunn or Binger was 
being employed, it seems desirable to brie% recount the results of our 
experiments. 

Mef/wd. 

A Drinker heart preparation (7) ^Yas made in a cat anesthetized with intravenous 
sodium-barbital (5 per cent solution). This procedure when complete leaves the 
heart exposed in a normally breathing animal, and is easil\^ made b}’’ suturing the 
edges of the pericardium to the margins of an oval window created in the anterior 
wall of the chest b}^ the removal of tlic sternum. After the closure of the chest 
and the resumption of normal respiration, ligatures were placed about the right 
branch of tlic pulmonar}^ arterj^, and the group of right pulmonar^’^ veins respec- 
tively. The artety is readily reached from within the pericardium in that portion 
of its course which lies between the ascending aorta and the superior vena cava. 
The placing of a ligature about the right pulmonai^^ veins is a more delicate 
procedure, as tlie thinness of tlieir \Yalls makes the liability to accidental puncture 
very real. 

After both ligatures were in place tliey were tied so as to completely occlude 
the vessels, the one around the artery being tied first in order to avoid the effects 
of venous obstruction. An especially designed glass cannula was then inserted 
into the right branch of the pulmonary artery", distal to the point of ligation, and 
secured in place witli a second ligature about the vessel. The cannula was con- 
nected by transparent rubber tubing to a glass resen^oir which could be raised 
and lowered to effect changes in pressure. A T-tube leading from a point near 
tlie cannula was connected witli a mercury manometer to record tlie pressure. 
The reservoir and tubing up to tlie cannula Avere filled with freslily drawn, heparin- 
ized blood from another animal, kept at body temperature. 

Respirator^'- movements were recorded b}^ a tliread attached to the costal 
margin, moving a writing lever on the kymograph record. Systemic blood pressure 
was recorded by a citrated cannula in the right carotid artery. The blood pressure 
tracing served also to record pulse rate. 

In such a preparation, the right lung is isolated from the rest of tlie circulation 
of tlie animal except for the amount of blood that may enter it through the bron- 
chial artery. Ventilation of tliis Jung is maintained by the normal respiratory 
movements of tlie animal as the lung is in its normal position in the closed pleural 
cavity. By changing the height of the rcserA^oir connected to the cannula in the 
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right branch of the pulmonar>' arter>% it is possible to alter the intra\'ascular 
pressure inAhis isolated lung. Such changes may be produced v.ithout direcUy 
modifpng the d>mamics of the s\’stemic circulation, or altering the gaseous ex- 
change in the circulating blood. The latter is maintained by the normally func- 
tioning leftdung and has been shown in other studies (8) to be adequate for the 
immediate needs of the animal. 


EXPERDIENTS. 

The following experiment illustrates the characteristic changes 
which have been observ'ed in the respirator^" rate and depth and in 
the systemic blood pressure and pulse rate followng a sudden elevation 
of the intravascular pressure of the isolated right lung. As explained 
above the complete exclusion of this lung from the circulation of the 
animal assures that these effects are not due to pressure changes in 
the heart, variation of blood flow or alteration in the respiratory" 
exchange. 

ProtocoL Expert juctif i. Feb. 24, 1928. Circulatory Isolation of the Right 
Lung '0.4111 the Production of Intravascular Pressure Changes. — 2:30. Cat (2.7 
kilos). Anesthesia induced by chloroform-ether to permit the injection of 19 cc. 
of sodium-barbital (5 per cent solution) into the saphenous vein. 3 : 08. Artificial 
respiration temporarily employed during the period when the chest is open. 
3:45. Chest closed and residual air w*ithdra\\Ti from the pleural ca\'itie 5 . Arti- 
ficial ventilation discontinued. 3:48. Blood pressure cannula inserted into the 
right carotid arten’. 4:05. Ligatures placed about the right branch of the 
pulmonary' arler>' and the right set of pulmonary’ veins. 4:20. Ligatures tiea. 
Cannula inserted into the right branch of the pulmonaiy artery, and connected • 
^Yith a pressure reservoir filled ^Yith heparinized cat blood. 4:26. (K\mograph 
record, Fig. 1.) Reser\mr elevated. 4:27. Reser\’oir lowered. 4:28. Reseiv’oir 
elevated. 4:29. Reser\’oir lowered. 4:31. (K>mograph record, Fig. 2.) 
Rescr\'oir elevated. 4:32. Reser\’oir lowered. 4:33. E.xperiment concluded. 
The heart showed no dilatation or change in appearance during the course of the 
experiment. 

Autopsy.— :\o air in pleural ca\nties. The posterior and dependent parts of 
the lower lobe of the right lung were edematous. The rest of the lung was con- 
gested. A very’ small area of atelectasis was present in the right upper lobe. The 
left lung was of normal appearance and downy texture. 

Sections of the kymograph tracing of this experiment are shown in Figs. 1 and 
2. llic results of the first elevation of the reservoir connected with the right 
pulmonary artery are recorded in Fig. 1. The rise in pressure is recorded in the 
change of level of line D, which indicates an elevation from 0 to 42 mm. of mercury 
Following a latent period of 6 seconds, the systemic blood pressure (.1) slowly 
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drops from 78 mm. of meroir}- to 60 mm. The pulse rate diminishes from 240 
per minute to 204 per minute. The tracing of the respirator^' e.xcurBions shows 
marked changes; a period of apnea lasting 8 seconds is^ followed by rapid and 
shallow respirations, the rate increasing from 47.5 to 75 per mmute. These 
effects tended to disappear even before the reduction of pressure, although at the 


-120 



Fig. 2. Section of kymograph tracing from Experiment 1. Tracings as in Fig. 
1. The elevation of pressure in the right branch of the puimonar}- arter\’ is 
followed by the institution of rapid shallow breathing without a period of apnea. 
The fall in blood pressure and slowing of heart rate is as in Fig. 1. 

start of the second elevation, the respirator}' rate was still increased over its 
previous value. 

In the second experimentally produced rise in pressure, the tradng of which is 
not shown, similar changes took place. The pressure in the right pulmonar>^ 
artciy* was raised from 0 to 38 mm. of mercurv*. FolIo\\ing a latent period of T 
seconds, the heart rate decreased from 240 to 22S per minute. The systemic 
blood pressure fell from 82 mm. of mercun* to 77. The respirator}* rhythm showed 



536 


RAPID SHALLOW BREATHING 


no apncic pause, but the rate was increased from 45 to 80 per minute and the 
excursions became very shallow. 

The third period is shown in Fig. 2. A rise in pressure of 42 mm. of mercury 
in the right pulmonary artery was followed bj’ a latent period of 13 seconds. The 
sj'stemic blood pressure dropped from 1 10 to 90 mm. of mcrcurj', with a coincident 
slowing of cardiac rate from 252 to 228 contractions per minute. The respiratory 
rate increased from 45 to 90 per minute and became very shallow. As before, there 
was a tendency for the respiration to return to its original rate and depth before 
the pressure was reduced. 

This experiment iias been repeated fifteen times on si.x different 
cats with perfectly consistent results, viz., a slowing of cardiac rate, 
a fall in systemic blood pressure and the institution of rapid shallow 
breathing, at times preceded by an apneic pause. It is unusual to be 
able to repeat the procedure in an individual animal with the same 
degree of success as was done in the experiment just described. Even 
here, the return to initial conditions between the changes in pressure 
was not complete. This is not surprising, as the congestive changes 
in the lung are presumably of a nature to produce a prolonged effect 
and not to permit of recovery during the period of the experiment. 

DISCUSSION AND SUMMARY. 

These experiments record the effects of the experimental production 
of pulmonary congestion and edema in a lung completely isolated from 
the general circulation, but with an intact nerve suppl3^ The result- 
ing changes are: a slowing of the heart rate, a fall in systemic blood 
pressure and a temporary inhibition of respiration succeeded b}*- rapid 
shallow breathing. The pulse rate and blood pressure show a rapid 
and spontaneous return to initial conditions. The respirations show 
a partial but not a complete return to their fonner rate and depth. 
The effects on respiration are similar to those described by Dunn and 
Binger and J\Ioore which follow multiple embolism of the pulmonary 
circuit with starch granules. The alterations in the pulse rate and 
blood pressure are characteristic of the effects of vagal stimulation. 

A chemical effect on the respiratory center is excluded by the nature 
of the preparation. 

These results, therefore, add further evidence to support the ly'pothe- 
sis that the rapid shallow breathing attending congestion and edema 
of the lungs is due to the stimulation of nerve endings in the lungs. 
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NON-HEMOLYTIC STREPTOCOCCI AND ACUTE RHEU- 

3MATIC FE^T:R. 

By ROBERT N. NYE, a>T) DA\TD SEEGAL, M. V. 

{From ike Thorndike Memorial Laboratory, Boston City ffospital, Boston.) 

(Received for publication, December 3, 1928.) 

The assodation of specific non-hemolytic streptococd, of both the 
alpha and the gamma types, 'with acute rheumatic fever has been 
emphasized by several investigators in the past few years. The 
alpha type has been championed by Clawson (1), who was able to re- 
cover the organisms from the blood stream in a relatively high per- 
centage of cases. Streptococd of the gamma t3^e have been described 
by Small (2) and by Birkhaug (3), chiefly in relation to their presence 
in the throats of patients with acute rheumatic fever; with both in- 
vestigators, however, their attention was originally directed to the 
organisms by the fact that they were recovered from the blood. 

Granted that the etiologic factor of acute rheumatic fever were 
definitely known, it seems reasonable to assume that at least some 
advances might be made in the treatment of a disease in which, so far, 
therapeusis has been chiefly s}Tnptomatic and empirical. If strepto- 
cocd of the alpha typa are recovered fairly consistently from the blood 
stream in cases of rheumatic fever, or, if streptococd of the gamma 
type are occasionally found in the blood and are usually present in the 
throat, provided, in the latter case, that they do not occur in normal 
throats, either fact would furnish a lead worthy of extensive 
investigation. 

Early in the fall of 1927 it was dedded to take cultures from all 
available cases of acute rheumatic fever, and this has been done on 
25 cases. The methods used have been such as to combine those of 
Clawson, Small and Birkhaug. Hitchcock (4) has recently published 
a paper which covers essentially the same ground in regard to the 
presence of non-hemolytic streptococci of the gamma type in the 
throats of rheumatic and non-rheumatic indidduals. 
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Mci//ods. 

Cases. 

The cases of acute rheumatic fever which were studied were carefully selected. 
Cultures were taken only from cases showing fever with a temperature above 
lOO^F., manifestations of acute involvement of one or more joints and, as a 
rule, at least a moderate degree of leucocytosis. In those cases which had not 
received previous medical attention, efforts were made to obtain cultures prior to 
the administration of salicylates. The majority of the patients were in the 
wards of the Boston City Hospital, but cultures were obtained from 5 and 2 
patients, respectively, through the kind cooperation of the hledical Services of 
the Massachusetts General and Peter Bent Brigham Hospitals. 

Primary Cultures. 

Blood . — The blood was withdrawn from an arm vein and the culture media 
inoculated at the bedside. As a rule, 50 to 60 cc. were withdrawn, though in 
several instances only 25 or 30 cc, were obtained. 

One or 2 flasks containing 100 cc. of 0.2 per cent dextrose beef infusion brotli 
(pH 7.S-7.7) were inoculated with S.O cc. of blood and 3,0 cc. were added to 50 
cc, of beef infusion agar (pH 7.5-7.7), previously melted and cooled to rfc42°C. 
From the latter, after thorough mixing, 3 plates were poured. The remainder 
of the blood (10 to 40 cc.) was added to 1 or 2 sterile test-tubes and allowed to 
clot. The supernatant serum w^as pipetted off and saved for subsequent tests, 
and each clot was added to a flask containing 200 cc, of 0,2 per cent dextrose 
beef infusion broth (pH 7.5-7.7). 

The blood agar plates were examined daily and discarded, in the absence of 
growth, at the end of 5 days. The flasks containing the blood and blood clot 
were examined daily during the 1st week for clouding of the medium or hemolysis. 
Smears were made and stained by the Gram method at weekly intervals. 
At the end of a month subcultures were made on blood agar plates, and, in the 
absence of growth, the flasks were discarded. 

Throat . — Two swabs were used. Eacli was rubbed vigorously over all visible 
portions of the throat posterior to the anterior pillars of the tonsils. Each swab 
was rubbed, while twisting, over an area approximately 1.0 by 4.0 cm. on the 
surface of a blood agar plate (5 per cent rabbit’s blood in beef infusion agar — 
pH 7.5-7.7). Proper dilutions were made on the remainder of the plate b 3 ’’ 
smearing from tliis area with a sterile platinum loop. 

Urine and Stool . — ^In several of the cases first studied cultures were made from 
fresh samples of urines and stools. The former were plated, undiluted, on blood 
agar plates, AVith the latter, a small bit was shaken up in a tube containing 0.2 
per cent dextrose beef infusion broth, a loopful was spread on the surface of a 
blood agar plate and 2 more plates were made from the first by smearing with a 
sterile platinum loop. Suspicious colonies were transferred to dextrose beef 
infusion broth. 
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Procedure. 


All blood or clot culture flasks, which showed grow’th, were subcultured to 
blood agar plates and to dextrose beef infusion broth. 

With throat cultures, as a rule, 8 suspicious colonies were picked and trans- 
ferred to a blood agar plate. Those producing characteristic colonies in pure 
culture after 24 hours incubation w^ere transferred to dextrose beef infusion broth. 
All strains proving to be streptococci were then transferred to 1.0 per cent lactose 
beef infusion broth containing phenol red and were also tested for agglutination 
with rabbit antisera prepared with representative strains of the Small and Birk- 
haug t>TDes of non-hemol>"tic streptococci. 

Gamma typ& streptococci which diflered only in their ability' to ferment lactose 
were frequently recovered from the same throat. Representatives of both the 
lactose-fermenting and non-lactose-fermenting t>'pes were always saved. Du- 
plicate strains were discarded. !More extensive sugar fermentation tests and 
agglutination tests were eventually carried out. ^Mlen warranted, agglutinin 
absorption tests were done. Ihe agglutinin content of the patients’ sera for 
autogenous and, sometimes, for various other strains was determined. All strains 
were tested for the production of a skin-reacting soluble toxin. A more detailed 
account of the methods follows: 

^forpllology.—Smt&Ts were made and stained by Gram’s method from 24 to 
48 hour cultures in dextrose broth. 

Cultural Characteristics. Notes were made concerning surface colonies on 
blood agar plates and on the tj-pe of growth in dextrose broth. All strains were 
transferred to tubes of beef infusion broth (pH 7.8) containing 1.0 per cent 
de-xtrose, lactose, saccharose, mannitol, salicin, inulin or raffinose, together with 
suitable amounts of phenol red; final readings as to fermentation were taken 
after 5 days incubation,' 


Agg/K/.«o/:a«.-Antisera were prepared by injecting rabbits intravenously at 
4 or 5 day intervals irith 24 or 48 hour cultures of the desired organisms in dex- 
trose broth. The usual dosage was 1, 5, 10, 10, 10 and 10 cc. After an interval 
of / or 8 da>s, a test bleeding was taken, and, if a sufEciently high titer was nh 
tained, the animal was bled. Otherr^ise, the injections were repeated 
For the test, O.S cc. of a 24 or 48 hour dextrose broth culture was added to an 
equal amount of the proper diluUon of the antiserum. Many of the strains were 
tested vciih increasing dilutions starting v,ith a final serum dilution of 1 -gO The 
majonty, however were tested with a single dUuUon sufficiently high to rule out 

typhosus B rabbit serum were always set up. The tubes w ere placed in a 4ter 
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bath at dz40®C. for 24 hours. One plus represented definite agglutination 
when viewed with a hand lens and 4 plus complete agglutination with a crystal- 
dear supernatant fluid. 

Agghdiniii Absorption . — 48 hour cultures of the desired organisms in SO cc. 
dextrose broth were centrifuged at about 3000 revolutions per minute for 40 
minutes — no attempt was made to standardize the number of organisms except 
to discard any culture showing poor growth. TJie clear supernatant fluid was 
discarded and 5.0 cc. of a 1:160 dilution of tlie desired antiserum added. The 
tubes were incubated at 37.5°C. for 3 hours with frequent shaking and left at 
room temperature (dr22°C.) for 21 hours. They were then centrifuged and the 
dear supernatant fluid pipetted away. The homologous organism, in 0.5 cc. 
amounts of a dextrose broth culture, was added to equal amounts of increasing 
dilutions of the absorbed antiserum. These tubes were subsequently treated 
like the agglutination tests. With each antiserum and with every series of tests, 
control tubes of unabsorbed serum and of serum absorbed with tlie homologous 
organism were always carried through. 

Agghifinins in Patienfs^ Sera . — Increasing dilutions of each patient's serum 
were prepared. Equal amounts (0.5 cc.) of all autogenous strains and various 
other representative strains were added from 24 to 48 hour dextrose broth cul- 
tures. The lowest final dilution of the serum was 1:40. Control tubes witli 
normal salt solution and a non-agglutinating normal serum were made. All 
tubes were subsequent!}^ treated like the agglutination tests. Control tests with 
sera from non-rheumatic patients were carried out. 

Toxin Production . — All strains were grown for 10 days in 50 cc. amounts of 
modified Douglas tryptic digest broth, as described by Birkhaug (3). The cul- 
tures were centrifuged and the supernatant fluid filtered through Berkefeld N 
or V candles. The filtrates were tubed and kept in tlie ice box. No phenol or 
tricresol was added. Sterility tests were always carried out. For testing, 1:10 
dilutions were made with sterile salt solution and these were injected intradermally 
in 0.1 cc. amounts in an individual known to be skin-positive to similar amoimts 
of Birkhaug's standard test toxin,* 


RESULTS. 

Stock Strains . — A number of strains of non-heniolytic streptococci 
from cases of rheumatic fever were obtained through the kindness of 
Dr. James C. Small of Philadelphia and Dr. Konrad E. Birkhaug of 
Rochester, New York. The 2 strains obtained from the former were 
labeled and and from now on will be referred to as ^^Small A^^ 
and ^'Small B.”^ The 7 strains from the latter were labeled “Ib,^^ 

*This toxin (1:100 dilution, Lot 3, July 5, 1927) was obtained through the 
kindness of Dr. Konrad E. Birkhaug of Rochester, New York. 

^ ‘^Small A" and “Small B" correspond to “Rl” and “R9’' in Small's original 
paper (2), 
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“2 ” ''10a,” "17,” "36/' "84” and "167,” and will be referred to as 
“Birk. lb,” "Birk. 2” and so forth. 

Moiphologically and culturally these 9 strains were practically 
identical. In broth they all produced a rather heavy ropy sediment 
with a relatively turbid supernatant fluid. On smear they appeared 
as rather small Gram-positive diplococci with numerous short to 
moderately long chains. On blood agar the colonies were round 
(maximmn 2.0 to 3.0 mm. in diameter), tent-shaped, soft, moist, 
translucent and grayish in color, and they were readily picked out in a 
mixed culture by a peculiar reddish brown color apparent with trans- 
mitted light. There was no change in the color of the surrounding 
medium except a rather diffuse paling, which occurred after a number 
of days at ice box temperature. All strains fermented dextrose, 
saccharose, lactose, raffinose, salicin and inulin, but failed to ferment 
mannitol, 

A number of rabbits were injected intravenously with varying 
amounts of 24 hour cultures of certain of these streptococci in dextrose 
broth. For producing monovalent agglutinating sera 3 rabbits were 
injected with living cultures of Small A, Small B and Birk. 2, respec- 
tively. They received injections of 1, 5, 10, 10, 10 and 10 cc. at 4 to 5 
day intervals. All 3 failed to show any rise in temperature and the 
loss in weight was negligible. The first 2 were killed 10 days after the 
last injection. One (Small A), at autopsy, was negative except for 
the lungs, whidi were distended, firm and cut with increased resistance. 
The other (Small B) showed identical pulmonary changes and, in 
addition, several firm to friable vegetations on the wall of the left 
auricle and on the papillary muscles of the tricuspid valve. The 
third rabbit (Birk. 2) died 2 days after the last injection. The autopsy 
was negative except for pulmonary changes like those present in the 
other 2 rabbits. 

Tw^o rabbits were given larger amounts of 2 of the cultures— Small 
A, 10, 20, 18, 20 and 18 cc. and Small B, 10 and 20 cc. at 4 to 5 day 
intcivals. The Small A rabbit was found dead the morning following 
the last injection. At autopsy’', there were friable vegetations on the 
papillaiy- muscles of the tricuspid valve. The lungs were enlarged and 
finn. Cultures taken of these vegetations and the heart's blood 
yielded pure cultures of non-hemol>iic streptococci. The Small B 
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rabbit died 19 hours after the last injection. The autopsy and cultures 
of the heart’s blood were negative. Two more animals received still 
larger doses — Small A, 23 and 50 cc. and Small B, 23 and 50 cc. In 
each instance the desired amount of culture was centrifuged at about 
3000 revolutions per minute for 30 to 40 minutes, and the sediment 
resuspended in about 10 cc. of sterile salt solution. The second injec- 
tions were given the 2nd day following the first. The Small A rabbit 
was found dead the morning following the second injection. The 
autopsy was negative, but the blood cultures were positive. The 
Small B rabbit died on the 5tli day following the second injection; the 
autopsy and blood culture were negative. Two more rabbits received 
larger doses of heat-killed (100°C. for 1 hour) cultures — Small A, 50 
and 50 cc. and Small B, 50 and 50 cc. These were centrifuged and tlie 
organisms resuspended in 10 cc. of sterile salt solution. The second 
injections were given on the 4th day following the first. Both animals 
gained in weight and failed to show any harmful effects. 

Careful inspection of all leg joints, both during life and at autopsy, 
failed to show the slightest evidence of any sort of joint lesion in any 
of the animals. The consistent puhnonaiy clianges in animals receiv- 
ing repeated injections were found to be secondarj'- to a blocking of the 
veins and capillaries by subendothelial collections of large mononu- 
clear cells. Identical lesions were produced by heat-killed non-hemo- 
lytic (gamma type) streptococci and also by certain strains of hemoly- 
tic streptococci. The changes apparently represented a peculiar 
reaction to certain bacterial constituents and will be reported in a 
subsequent paper. 

A group of 50 adult persons was injected intradermally with 0.1 cc. 
amounts of Birldiaug’s standard test to.xin. Of the 35 without his- 
tories of rheumatic fever, cliorea or persistently recurring “sore 
throats,” 12 (34 per cent) gavepositive skin reactions; of the 9 without 
histories of rheumatic fever or chorea, but with histories of “many sore 
throats,” 2 (22 per cent) were positive; and, of tlie 6 with histories of 
rheumatic fever, 2 (33 per cent) were positive. Thirteen children 
convalescent from acute rheumatic fever and with definite damage to 
oiie or more valves of their hearts were tested at the House of the 
Good Samaritan, Boston, tlirough the kind cooperation of tlie Medical 
Staff. Of these, 8 (62 per cent) gave positive skin reactions. Control 



ROBERT N. NYE AND DA\TD SEE GAL 


545 


TABLE I. 

Summary of Results from Cultures from Patients icitli Acute Rheumatic Fever and 
from Normal Individuals. 
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tests with heated toxin (100°C. for 2 hours) gave results identical with 
those of the unheated toxin. 
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CitlUircs. — The' results of the various cultures are given in Table I. 
The blood from each case of acute rheumatic fever was cultured in 
various ways and no streptococci of any sort were ever recovered. 

Organisms were recovered from the broth cultures in 5 cases, as follows: 

Case i. — Staphylococci were found on the 10th day. There was no duplicate 
culture. Tlie clot cultures and blood agar plates were negative. 

C{we P. — Gram-positive bacilli were found on the 24th day in 1 of the flasks. 
The duplicate culture, clot culture and blood agar plates were negative. 

Case 14» — Staphylococcus albus was found on the 26th day in 1 of the flasks. 
The duplicate culture, clot culture and blood agar plates were negative. 

Case 17, — Gram-positive bacilli were found on tlic 5th day in 1 of the flasks. 
The duplicate culture and blood agar plates were negative, but the clot culture 
showed Gram-positive bacilli on the 12th day. 

Case 20. — Staphylococci were found on the 20th day in 1 of the flasks. The 
duplicate culture, clot culture and blood agar plates were negative. 

Organisms were recovered from the clot cultures in 3 cases, as follows: 

Case 11, — Staphylococcus albus was found on the 30th day. The broth cultures 
and blood agar plates were negative. 

Case 13, — Staphylococcus albus was found on the 23rd day in both cultures. 
The broth cultures and blood agar plates were negative. 

Case 17, — ^As above. 

The blood agar plates were consistently negative. 

Stool and urine cultures were made in 5 out of the first 6 cases. As no colonies 
were obtained which were suggestive of non-hemolytic streptococci, they were 
not made from the other cases. 

The findings on the blood agar plates from throat swabs were quite 
different from the negative blood cultures. In the first 5 cases, 
organisms were recovered from 2 which could not be distinguished, 
either morphologically or culturally, from the Small and Birkhaug 
strains. In 18 of the remaining 20 cases, similar organisms were 
recovered; and it seems likely that they would have been recovered in 
a higher percentage of the first 5 cases, if, at that time, the characteris- 
tic appearance of the colonies on blood agar had been better known. 

Throat cultures were made from an equal number of individuals 
who gave no history of rheumatic fever, chorea or heart disease. By 
far the majority were from members of the laboratory staff. Non- 
hemolytic streptococci of the gamma type were recovered from 22 
cases (88 per cent), as compared with 20 cases (80 per cent) in the 
acute rheumatic fever series. 
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Serological Tests.~'A number of rabbits were immunized against 
certain strains of these- non-bemolytic (gamma type) streptococci 
(SmaU A and B, Birk. 2, RFT 4 and NT 2-8 and 5-2). AU of 
the stock strains and those obtained from rheumatic fever and normal 
throats were tested, if possible, against all 6 of these antisera. A 
number of the strains agglutinated spontaneously in salt solution, and, 
although various media, such as plain broth and phosphate-buffered 
broth, were used, satisfactory growth could not be obtained. 

Preliminary tests showed the presence of a common antigenic base 
in all strains, for, in a series of increasing dilutions, practically all 
organisms tested showed complete agglutination as high at 1: 160 with 
aU antisera. As the dilutions were carried higher, however, 2 rather 
distinct groups became apparent — the one represented by Small A and 
B and the other by all but 1 (Birk. 36) of the Birkhaug strains. The 
latter group is apparently identical with the group designated by 
Hitchcock (5) as “Type I.” There were a certain munber of strains 
which did not fall into either of these 2 groups; some failed to show 
any significant agglutination and others were agglutinated by all 
antisera, but not by the control serum or salt solution. 

In doing the routine agglutination tests on all strains the dilutions 
of the various antisera were such that “group agglutination” was 
excluded. The results are shown in Table If. 

Each strain has been assigned to 1 of 5 groups — Small, Birkhaug, 
non-agglutinating, agglutinating or spontaneously agglutinating. 
This division is, in many instances, far from clear-cut, but serves for 
the purpose of demonstrating the lack of homogeneity among these 
gamma type streptococci. 

Three antisera were prepared from throat strains isolated during 
the course of this investigation. One (RFT 4) belongs, clearly, to the 
Birkhaug group, another (NT 2-8) to the agglutinating group and the 
other (NT 5-2) ^ questionably, to the Small group. It is most interest- 
ing to note that, although the strains belonging to the agglutinating 
group are agglutinated by practically all of the antisera, the antiserum 
(NT 2-8) of this group fails to agglutinate any strains, in an appreci- 
able amount, other than those belonging to the group. 

A r6sum6 of the different groups recovered from the cultures of the 
normal and rheumatic fever throats is given in Table III. Birkhaug 
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strains (Hitchcock (5) — Type I) were recovered in approximately 
equal numbers in each of the 2 groups. Many more Small strains 
were obtained from the normal throats, whereas the other groups 
occurred with about the sanie frequency. 

Agglutinin absorption tests were carried out with a number of the 
strains. The results are included in Table II. Many strains that 
were agglutinated in as high a dilution by the antiserum as the homol- 
ogous strain failed to show even the slightest degree of absorption of 
agglutinin. This was particularly true of the strains belonging to the 
Birkhaug group — for example, from the same throat 1 strain (RFT 


TABLE III. 

Summary of the Occurrence of the Various Kinds of Gamma Type Streptococci in 
Throats of Patients with Aente Rheumatic Fever and of Normal Individuals. 
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11-8) completely absorbed the Birk. 2 antiserum, while the other 
(RFT 11-6) failed to show any absorption. 

All but 1 of the rheumatic fever patients’ sera and a number of 
sera from individuals who gave no history of rheumatic fever were 
tested for agglutinins against representative strains of the Small and 
Birkliaug groups. The former sera were also tested, whenever possible, 
against their own throat strains. Agglutination was considered sig- 
nificant only in the presence of a 3 plus agglutination in a final serum 
dilution of 1 : 40, or a 2 plus in this dilution, which was repeated in the 
1:80 dilution. In neither the rheumatic fever nor the control sera 
could agglutinins be demonstrated for Small A or Birk. 2. Five 
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(Cases 1, 4, 5, 7 and 18) out of 22 rheumatic fever sera and 1 (Case 
13) out of 14 control sera agglutinated RFT 4. Three (Cases 9, 11 
and 18) out of 17 rheumatic fever sera and 2 (Cases 1 and 3) out of 17 
control sera showed agglutinins for RFT 8r-5; and 1 (Case 11) out of 
17 rheumatic fever sera and 1 (Case 8) out of 17 control sera showed 
agglutinins for NT 16. Four (Cases 4, 11, 12 and 25) out of 15 rheu- 
matic fever sera agglutinated 1 of the autogenous strains. The only 
difference noted between the two series was the greater ability of the 
rheumatic fever sera to agglutinate RFT 4. As this particular strain 
was frequently spontaneously agglutinated and, hence, gave proof of 
instability, too much significance should not be attadied to the 
observation. 

Toxin Production , — All strains isolated from the rheumatic fever 
and normal throats were tested for the production of a soluble skin- 
reacting toxin. The tests were carried out in the skin of an individual 
known to react strongly to Birkhaug’s standard test toxin. The 
results of these skin tests are recorded in Table 11. Of the rheumatic 
fever strains, 7 gave positive skin reactions, but only 3 were of sufficient 
intensity (erythema 1.0 cm. or more in diameter) to be significant 
in a dilution of the filtrate as low as 1:10. Of the 40 normal throat 
strains, 4 were positive, 2 being of moderate intensity. 

In order to make certain of the identity of these skin reactions with 
those of Birkhaug, 37 adult individuals were injected, intradennaUy 
and at the same time, with 1 (Birk. lb, 1:10) of these toxins and with 
Birkhaug’s standard toxin. In 33 instances the skin reactions to both 
toxins were identical (9 positive and 24 negative), whereas in 4 they 
disagreed (Birk. lb positive with standard toxin negative in 3 and 
standard toxin positive with Birk. lb negative in 1). 

niscussioN. 

The comparison of the Small and Birkhaug strains of non-hemolytic 
streptococci uould seem to indicate that, although they are very 
closely related, they are not identical. This finding agrees with the 
observations of Hitchcock (5). 

There are two outstanding discrepancies when the experimental 
. findings reported herein arc compared with those of Small and Birk- 
haug. In the first place, no joint changes, such as those described by 
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Small (2), were ever observed in the rabbits which had received 
repeated large doses of living organisms. It is true that fresh vegeta- 
tions on the valves and papillary muscles of the heart were observed on 
2 occasions, but this might be expected following the intravenous 
injection of almost any living organism in such large numbers. Fur- 
thermore, it should be borne in mind tliat rabbits with a streptococcus 
septicemia, regardless of the source or variety of tlie streptococci, 
frequently show acute joint involvement along with other localized 
foci of infection. Secondly, it has been impossible to demonstrate 
that the majority of these strains of streptococci produce a soluble 
skin-reacting toxin. Birkhaug (3) states that 72 per cent of his non- 
methemoglobin-producing streptococci gave strongly positive skin 
reactions in dilutions as high as 1 : 100. Such a toxin was found in 
only 1 (Birk. lb) of Birkhaug’s 7 strains, and dilutions as low as 1 : 10 
of the other 6 failed to give definite sldn reactions. Although no 
phenol was added before filtration and although the filtrates were 
tested oftentimes within a few days after filtration, rather than after 
1 month in the ice box, as Birkhaug did, it is difficult to conceive of 
either procedure as being capable of influendng the final result. As 
previously stated, the 1 toxic filtrate (Birk. lb) gave practically 
identical skin reactions as the Birkhaug standard test toxin, when the 
tests were carried out simultaneously. 

Non-hemolytic streptococci of the gamma type were never re- 
covered in the blood cultures from 25 cases of acute rheumatic fever. 
Bacteria were occasionally isolated, but they were never found con- 
sistently in all cultures. Those recovered were of the type to be ex- 
pected as a result of contamination, and they were usually found only 
after 10 or more days incubation. From the papers of Small (2) and 
Birkhaug (3) it would appear that the former obtained his organisms 
in 2 out of 31 cases and the latter in 2 out of 36. Hitchcock ( 5 ) also 
obtained 2 strains from blood cultures of patients with rheumatic 
fever. It must be acknowledged that the present series of 25 cases 
is small and different results might obtain in a larger series. . The 
blood cultures also failed to reveal the presence of streptococci of 
the alpha type, such as those described by Clawson (1). 

From the throats of 20 out of 25 cases of acute rheumatic fever 
non-hemolytic streptococci were recovered which were identical, 
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morphologically and culturally, with the Small and Birkhaug strains* 
As judged by agglutination, the majority of strains were similar to 
those of the latter. As has been previously mentioned, the Birkhaug 
strains apparently correspond to the Tj^e I of Hitchcock (5). Agglu- 
tinin absorption tests with these Birkhaug similar strains would seem 
to indicate that 3 out of the 18 strains were identical with Birk. 2. 
There were many strains, however, which, although they were agglu- 
tinated by anti-Birk. 2 serum in high dilution, showed a complete 
absence of ability to absorb the specific agglutinin from the same 
serum. Reciprocal agglutinin absorption tests were not carried out. 
When tested for toxin production, only 3 filtrates from the 34 strains 
were found which were able to bring about a definite skin reaction in 
a dilution as low as 1:10. 

Similar non-hemolytic streptococci were recovered from 22 out of 
25 normal throats. The only difference noted in this series, as com- 
pared with the strains isolated from rheumatic fever throats, was a 
considerably higher number of Small strains. The rather universal 
presence of these streptococci in both the rheumatic and non-rheu- 
matic throats and the apparent predominance of Birkhaug similar 
strains, as detennined by agglutination, agree very closely with the 
figures of Hitchcock (4). 

From a comparison of these 2 series it would seem reasonable to 
conclude that non-hemolytic (gamma tj^ie) streptococci are of rela- 
tively common occurrence in the human throat. The fact that 
practically all strains are agglutinated by relatively low dilutions of 
antisera of various type strains argues for a common antigenic base. 
\\Tien the dilutions are carried higher, however, it becomes apparent 
that the strains are far from identical. Agglutinin absorption tests 
bring the heterogeneity of this group even more in e\idence. 

Sera from rheumatic fever patients have failed to show agglutinins 
for the Small or Birkhaug strains. It must be acknowledged that 
these sera w^ere obtained during the acute stage of the disease and that 
sudi agglutinins might appear subsequent to improvement or 
recovety^ 

From the work reported here, very little can be said concerning 
the etiologic importance of these streptococci in relation to the concep- 
tion of acute rheumatic fever as a manifestation of bacterial allergy- 
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(Zinsser (6, 7), Swift, Derick and Hitchcock (8) and Birkliaug (9)). 
The findings, however, fail to indicate that such streptococci should be 
considered as the specific etiologic factor in acute rheumatic fever. 
Kaiser (10) has reported a large series of cases which have been 
tested for skin reactivity to a soluble toxin obtained from 1 of these 
streptococci and there can be no doubt but that children with a history 
of rheumatic fever or chorea give a higher percentage of positive 
reactions than children without such a history. There are, however, 
at least two facts which should be considered. In the first place, this 
toxin is extremely thermostabile, a fact which distinguishes it sharply 
from the true exotoxins, such as diphtheria and tetanus toxins, and 
makes it hardly comparable, even, to Dick toxin, which is relatively 
tbermostabile. Secondly, ver}’- little is known concerning skin reac- 
tivity, in general, to non-specific foreign proteins during or following 
different diseases. The recent work of Irvdne-Jones (11) brings out 
the fact that persons suffering from rheumatic fever, particularly dur- 
ing the acute stage, are relatively skin-sensitive to the filtrates from 
various sorts of streptococcic cultures. Whether or not such indi- 
viduals are sensitive to the filtrates from cultures of other tj'^pes of 
bacteria or to protein substances of primarily non-toxic nature remains 
to be demonstrated. Kaiser’s obser\'’ations certainly point to a specific 
relationship, but until more is known concerning the nature of such 
toxins and concerning the significance of skin reactivity in various 
diseases it hardly seems justifiable to draw any definite conclusions. 

SUMMARY AND CONCLUSIONS. 

1. Blood cultures from 25 cases of acute rheumatic fever were 
negative for non-hemolytic streptococci of both the alpha and gamma 
types. 

2. Non-hemolytic (gamma type) streptococci were frequently 
recovered from the throats of patients with this disease. 

3. Similar organisms were recovered just as frequently from the 
throats of normal individuals. 

4. Although these non-hemolytic streptococci were morphologically 
and culturally identical, not only amongst themselves, but also when 
compared with stock Small and Birkhaug strains, all, including the 
latter, have failed to show any noteworthy degree of homogeneity. 
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5. Representative strains of these streptococd have proved to be 
relatively non-pathogenic for rabbits following intravenous injection. 

6. These organisms, with a few exceptions, have failed to produce 
soluble skin-reacting toxins comparable to Birkhaug's standard test 
toxin. 

7. The foregoing facts seem to invalidate the assumption that any 
of these non-hemolytic streptococci play a specific r61e in the etiology 
of acute rheumatic fever. 

We wish to express our indebtedness to ^liss Miriam MacKay for 
technical assistance. 


BIBLIOGRAPHY. 

1. Clawson, B. J., /. Inject. Dis.^ 1925, xxxvi, 446. 

2. Small, J. C., Am. J. Med. 5c., 1927, clxxiii,‘^101. 

3. Birkhang, K. E., J. Inject. Dis., 1927, d, 549. 

4. Hitchcock, C. H., /, Exp. Mcd.j 1928, xl\dii, 403. 

5. Hitchcock, C. H., J. Exp. Med.^ 1928, xlviii, 393. 

6. Zinsser, H., BttJl. New York Acad. Med., series 2, 1928, iv, 351. 

7. Zinsser, H., and Yu, H., Arch. hit. Med., 1928, xlii, 301. 

8. SvAlt, H. F., Derick, C. L., and Hitchcock, C. H., J. Am. Med. Assn., 1928, 

xc, 906. 

9. Birkhaug, K. E., J. Inject. Dis., 1928, xliii, 280. 

10. Kaiser, A. D., J. Infect. Dis., 1928, xlii, 25. 

11. Ir\dne-Jones, E. I. :M., Arch. hit. Med., 1928, slii, 784. 




THE INITIATION OF GROWTH OF CERTAIN FACULTATIVE 
ANAEROBES AS RELATED TO OXIDATION-REDUCTION 
PROCESSES IN THE MEDIUIM. 
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{From the Hospital of The Rockefeller iTistituie for Medical Research) 

(Received for publication, November 16, 1928.) 

The expression "^‘value of a bacteriological meditim’' is a loose one; 
it probably covers a number of characteristics of that medium, many 
of which are perhaps unrelated. The following are examples of the 
points of view from which the medium may be considered in this rela- 
tion. 

1. Initiation of growth: (a) size of minimum inoculum required 
for growth to develop, {b) duration of the lag period. 

2. Density of growth: number of cells developing per unit capacity 
of medium. 

3. Viability of the cultures. 

This paper will be limited to a survey of some of the conditions which 
affect the size of the inoculum required to intiate growth. 

HISTORICAL. 

It is a well knowm fact that the growth of organisms difficultly culti\^ble is 
rendered much easier — even in unfavorable media — by the use of large inocula. 
This phemonenon is probably related to what has been termed ^'allelo catalysis” 
by Robertson (1) in his studies on transplants of protozoa, and “commimal 
activity,” by Churchman and Kahn (2) in their investigations on the bacterio- 
static action of certain dyes. 

The work of Valley and Rettger (3) indicates that many organisms grow slowly 
or not at all until a certain mimmum concentration of carbon dioxide is present 
in the medium; the suggestion has been made that the intrcfduction of a large 
inoculum may hasten the production of a favorable concentration of CO 2 . 

Gillespie (4) obser\'ed that “it requires much smaller numbers of pneumocoed 
to start growth on agar than are required to start a growth in broth.’' He found 
also that the same result as with agar could be obtained by seeding the pneumo- 
cocci on a fragment of filter paper on the surface of the broth. According to 
him, “this phenomenon is probably dependent entirely on physical differences 
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in tlie two kinds of media; and bears some relation to the dificrences in possi- 
bilities for diffusion in the two media.*’ 

The possible relation of minimum inoculum to oxidation-reduction processes 
has been expressed several times in the literature. In the course of his studies 
on the physiology of B. Jcpiscpticum^ Webster (5) observed that an inoculum of 
at least 100,000 cells (per 5 cc. brotli), was necessar}'' for growth to develop under 
aerobic conditions. On tlie other hand, growth occurred with an inoculum of 
only a very few cells when the culture was incubated under anaerobic conditions, 
or in tlie presence of sterile blood. 

Burnet (6) showed that nutrient agar plates, exposed to light, whDe still 
capable of growing staphylococcus when heavily seeded, did not allow growth 
of “isolated” organisms. (“Isolated” organisms were obtained by spreading over 
the plate a ver>’' dilute suspension of bacteria.) But such “isolated” organisms 
would grow in tlie neighborhood of colonies of the same or other organisms, ob- 
tained by local heavy seedings. Nutrient agar which had been exposed to light 
and then heated for 30 minutes at 100°C. gave normal growth, unless exposure 
to light had been extremely prolonged. The explanation offered was that ex- 
posure to light resulted in the formation of a peroxide-like substance with a 
bacteriostatic action; reducing substances, formed in the course of metabolism in 
the large colonies (obtained b}’- local heav)^ seedings) diffused tlirough the agar 
and reduced the peroxides, thus allowing growth of “isolated” organisms around 
the colonies. Destruction of the peroxide was also obtained by heating the 
medium. Working with an anaerobe, B. sporogcucs, Quastel and Stephenson 
(7) observed that this organism could be grown imder apparent “aerobic” condi- 
tions, in tiyptic digested brotli, by the use of a large inoculum. A veiy small 
inoculum was sufficient to initiate “aerobic growth” when 0.1 per cent C3^steine 
was added to the broth. Reduced glutathione and thioglycoUic acid were found 
to play the same r61e as C 3 "steine. According to Quastel and Stephenson, the 
mechanism of the process is as foUo^vs: In the course of its metabolism, B, 
sporogcncs produces reduced compounds giving the —SH reaction; the object 
of a large inoculum is to introduce enough of these reduced sulph 3 diyl com- 
pounds to provide reducing conditions in the broth. The addition of cysteine 
serves of course the same purpose. 

W. M. Clark (8) had previously pointed out that active^ growing anaerobic 
cells, if not overtaxed, can establish their own reducing conditions even in the 
presence of a certain amount of molecular oxygen. 

Aubel and Aubertin (9) seeded different organisms into tubes of glucose agar 
and observed at what levels of the agar growtli developed. By observing the 
reduction of indicators of oxidation-reduction potentials in sterile tubes of the 
same medium, and comparing the findmgs with the results of the growth experi- 
ments, they concluded that the life of strict anaerobes is possible only when 
the rH of the medium is lower than 12, 
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Before attempting to analyze the mechanism whereby the oxidation- 
reduction properties of the medium control the min i m um inoculum 
required to initiate growth, it is important to realize that bacterial cells 
themselves possess active and independent oxidation-reduction ^s- 
tems. The manifestations and nature of these systems are especially 
well known in the case of Pneumococcus. 

Aveiy and Neill (10) have described a number of different oxidation-reduction 
processes ^hich are exhibited by cultures or sterile extracts of pneumococci; such 
are the consumption of molecular oxygen, the production of peroxide, the oxidation 
of hemotoxin, the oxidation of hemoglobin to methemoglobin, and the oxidative 
destruction of various endocellular enzymes. The same cultures or extracts of 
pneumococci also reduce methylene blue to methylene white and methemoglobin 
to hemoglobin when the system is kept under anaerobic conditions. 

These active oxidation-reduction systems of the cells consist of two components: 
(1) a cellular thennolabile constituent which is not removed by washing, (2) 
thermostable autoxidizable substances which are laddng in washed cells and 
which are not necessarily of pneumococcus origin, since they may be suppHed 
by muscle infusion and yeast extract. 

It is probable that a complete understanding of the influence of oxi- 
dation-reduction processes in bacterial growth will require a study of 
the interrelations between the oxidation-reduction systems of the 
media and of the cells. 


EXPERniENTAL. 

The influence of the nature of the medium and of environmental 
conditions on the size of the minimum inoculum giving rise to growth, 
was studied by the following technique. 

Tubes containing 5 cc. of the medium imder consideration were inoculated 
with varying amount of culture. These inocula are referred to as 10“^, 10*"“, 

10*"^, 10-^ 10“S, corresponding to 0.1 0.00000001 cc. of a 12 hour 

culture in plain broth. 

The cultures used were: Pneumococcus S forms, T>T)e I (1/200/5), n 
(D/39/40), in (A/66/64), and R forms derived from Tj-pes I (1/193/R), II 
(D/39/R), and in (M/3/R). Human strains of hemob'tic streptococcus L 
S/43, S/23/Gloss\', S/23/45 Ivlatt. Staphylococcus aureus, 

Inocula were never taken from blood cultures, but from the third transfer in 
plain broth in order to prevent the carr>-ing over of some of the blood constituents 
into the medium to be tested. 
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These plain broth cultures were plated on blood agar to determine the number of 
organisms present in the inoculum. There was of course some variation, but in 
general, plates inoculated with of plain broth cultures of Pneumococcus or 
human strains of Streptococcus hxrnolyticus showed only a few colonies (1 to 10). 
With Staphylococcus, the last positive plates were obtained with 10~^ cc. in- 
oculum. 

The plain broth was prepared from meat infusion according to the standard 
method. Fairchild’s peptone (lot 280630) was used in the preparation. Cys- 
teine solutions were prepared from cysteine hydrochloride and autoclaved. As the 
neutralized solution oxidizes very rapidly, while the acid solution is more stable, 
the latter was neutralized with sterile NaOH only at the time of being used. 
'^Anaerobic” conditions were provided by sealing the cultures with a 2 cm. layer 
of sterile vaseline. 

TABLE I. 


Growth of Pucumococcns and Streptococcus in the Presence of Different Concentra 

Hons of Blood. 


1 

Smallest inocula with which growth was obtained 

Medium 

j Pneumococcus II ! 

S. hoftiolyltctis 
(human strains) 


HBIH 

*‘R** 

D/39/R 

L 

S/43 

ninin HrntVi 

10-2 

10-2 

10-2 

10-2 

Plain broth 0.001 per cent blood 

10-2 

10-2 

10-2 

10-2 

Plain broth 4- 0.01 per cent blood 

10-* 

10”< 

10-8 

10“< 

Plain broth -p 0 1 per cOnt blood 

10-8 

10-8 

10-8 

10”S 

10-^ 

Plain broth 4- 1 per cent blood 

10-7 

i 10-8 

10-^ 



1. Growth of Streptococcus and Pneumococcus in Blood Broth. 

Blood broth is known to be an ideal medium for tlie growth of pneu- 
mococci and streptococci. The attempt was made to ascertain what 
concentration of blood is necessary to insure growth with the smallest 
possible inocula. 

Experiment 1. — The plain broth used had been prepared 1 week before the 
test. Sterile rabbit blood was added to the medium in araoimts suffident to give 
final concentrations varying from 1 per cent to 0.001 per cent. Table I indi- 
cates, in cubic centimeters of plain broth cultures, the smallest inocula with 
which growth was obtained. 

According to tliis experiment, blood is still active in a dilution of 0.01 
per cent. It may be doubted whether the action of such a small amount 
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corresponds to the addition of some nutrient lacking in the broth. 
There have been suggestions that the action of the blood is due to the 
fact that it contains a peroxidase or a catalase and perhaps also the V 
factor which has been associated with yeast extract. It may be 
recalled here that Thjotta and Avery (11) found that two factors 
(X and V) are essential for the growth of certain strains of influenza 
bacillus. The factor V appears to be of the nature of a vitamine and 
can be supplied in the form of yeast extract; X was claimed to be an 
iron compound and hematin was used as its source in routine tech- 
nique. X exhibits peroxidase and catalase activity. Both X and V 
are present in the blood. 

Attempts have been made therefore to simulate the action of blood 
by the addition of certain iron compounds (possessing catalase, peroxi- 
dase, and oxidase activity) in the presence or in the absence of yeast 
extract. 


//. The Iniluence of Iron Compounds on the Growth of 
^ Pneumococcics. 


Experiment 2 . — In these tests, a large number of iron compounds were used.^ 
Among them may be mentioned. 


Active FcjOs (Siderac) 
Active FesOa (Baudisch) 


1 Yrhich exhibit both peroxidase 
J activity. 


and catalase 


Inactive FeaOa (Siderac) 1 . 

Inactive Fe^O, (Baudisch) / 


Sodium pentac>'ano aquo-ferro salt 1 which exhibit both catalase and 
Sodium pentac>'ano aquo-ferri salt [ peroxidase activity. 

Sodium pcntac>’ano amino-ferri salt J 

In order to obtain comparative results, the following technique was used. 
The oxides were added to test-tubes in amounts of 100 to 500 mg. and auto- 
claved. 5 cc. of sterile broth were added later under sterile conditions. As to 
the ferro-aquo, ferri-aquo, and ferri-amino salts which arc soluble and heat-labile, 
their solutions were filtered through Bcrkefeld filters and the filtrates added under 
aseptic conditions to sterile broth, the final concentrations var\dng from 1/1 000 
to 1/1.000,000. 

The tubes were inoculated with 8 hour cultures (in plain broth) of the dififer- 
cnl U-pcs of Pneumococcus. The results may be summarized as foUows: 


> All the compounds were obtained through the courtesy of Dr. Baudisch. 
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It is apparent that in no case was the plain broth improved by the 
addition of iron compounds. On the contrary, some of them seem to 
have atoxic action; such are the Siderac oxides and the ferri-amino 
salt. 

The results were not changed when yeast extract was added to these 
media. 

It is apparent that these iron compounds with or without the 
addition of yeast extract, do not give to plain broth those growth-pro- 
moting properties whicli are supplied by blood. 


TABLE II. 

Injlncncc of Iron Compounds on the Growth of Pneumococcus (JI R). 


Medium 

10-* 

10-i 

Inoculur 

10^* 

n fin ccO 

10*^ 

IQ'S 

io-« 

Plain broth 

+* 

+ i 

♦ ' 

— 

— 



Blood broth , 

-h 

+ 

4- 



-k 

Plain broth + active FcoOs (Siderac) 1 

— 1 

— 

— 

— 

— 

— 

Plain broth + active Fe^Oj (Baudisch) 

+ 

+ 

- 

— 

— 

- 

Plain broth -f* inactive Fe^Oa (Siderac) 

— 

— 

— 

— 

— 

' — 

Plain broth + inactive FcaOj (Baudisch) — 

+ 


— 

— 

— 

’ — 

Plain broth + ferro-aquo salt 

+ 

+ 

— 

— 

— 

— 

Plain brotli + ferri-aquo salt 

+ 

+ 

— 

— 

— 

— 

Plain broth + ferro-amino salt 

+ 

— 

— 



— 


* In the presentation of all these results, -f or - indicates that growth did or 
did not develop. 


III. Variations of the Growth-Promoting Properties of Plain Broth with 

Aging of This Medium. 

In the course of these investigations, it has been repeatedlj^ observed 
that when plain broth has been recently autoclaved, it allows the 
growth of very minute inocula of Pneumococcus. In order to establish 
this phenomenon more definitely, the following experiment was carried 
out. 

Experiment J.— Tubes containing 5 cc. of plain broth (1 week old), were 
autoclaved for 15 minutes, cooled down, and immediately inoculated with 
varying amounts of pneumococcus culture (D/39/R). Other tubes of the 
same autoclaved broth were kept for different intervals of time before being 
inoculated. Table III shows the highest dilution of inoculum with which growth 
was obtained at the different periods. 
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Similar results were obtamed with other strains of Pneumococcus 
(Tj'pes I, n, m, \*irulent and avirulent) and with human strains of 
hemolytic streptococcus. Boiling the broth for 1 hour had the same 
effect as autoclaving. 

With Staphylococcus, growth in “unboiled” broth (3 weeks old) 
was obtamed up to 10~^ cc. inoculum, while it took place up to 10~® in 
recently autoclaved broth. 


■r.'^BLE m. 

Groa’J/; of Pneumococcus {D139/R) in Broth Inoculated at Different Times after 

Autoclaving, 


iMcaronj 

10-* 

10“* 

10-* 

i(r< 

10-5 

1(M 

10-7 

*‘UnautodaN ed” broth . . 

Broth inoculated iromediately after 


4- 

i 

- 

- 

- 

- 

- 

autoclaving .. . 

Broth inoculated 2 hrs, after auto- 

-f 

1 

i 

"f 

+ 

JL 

i 

-h 

4- 

cla\Tng. . . . 

Broth inoculated 4 hrs. after auto- 

T- 

+ 


T 

JL 

1 

-r 

cla\'ing .. 

Broth inoculated 8 hrs. after auto- 

“f* 

1 


-U 

1 

1 



clavdng , 

Broth inoculated 12 hrs after auto- 


4. 

4- 

4, 

1 

— 


— 

cla\dng ■ 

Broth inoculated 24 hrs after auto- 

+ ' 

“T 

-h 

— 

— 

— 

— 

claving. 

Broth inoculated 48 hrs after auto- 



— 

— 

— 

' 

— 

clavdng 

Broth inoculated 1 week after auto- 

o. 

1 

+ 

— 

— 

— 

— 

— 

cla\dng . 

Broth inoculated 3 weeks after auto- 

-f 

4- 

— 

— 

— 

— 

— 

cla\ ing 

4- 




— 

- 

- 


It is ver>" important to point out that the effects of boiling or 
autoclaving are not limited to a short time after the treatment, but 
extend over 12 hours at least. As has been pointed out elsewhere (12) 
this indicates that the effect of the treatment is not limited to a 
meclianical removal of oxygen. 

It has already been suggested that the effect of autoclardng or 
boiling is due to a breaking down or a reduction of o.xidLzed substances 
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formed by the autoxidation of some constitutents of the broth. If 
tliis is tlie case, similar results should be obtained by chemical methods 
of reduction. Experiments 4, 5, and 6 are examples of such methods. 


Expcrimcut 4. — A lot of brotli (2 weeks old) was divided into 2 portions, 1 
of -which was reduced by hydrogen in the presence of palladinized asbestos, the 
asbestos being later filtered out in a nitrogen atmosphere. The untreated broth 
was used as control. 


TABLE IV, 

Growth of Fneimococcus {D/39/R) in Broth Reduced by Hydrogen. 




PJain broth 

Reduced broth. 


Inoculum Once.) 


10-1 

i(r» 

10-3 

I0-< 

10-* 

I0-« 

10-y 

+ 

+ 

i 




1 




■f 

+ 

1 

I 


+ 

+ 


TABLE V. 


Injlnence of Vaseline Seal on the Growth of Different Organisnts in Plain Broths 


Organism 

Smallest inocula with which 
growth developed 


Aerobic cultures | 

Scaled cultures 

Pneumococcus D/39/R 

10”= 

10“^ 

A/66/64 



S hxiHolyiicus (L) 

10“'= 


S/43 

10“^ 

10-3 

Staphylococcus aureus. 


lO-s 



The 2 portions were transferred to test-tubes (5 cc. per tube), and 
their growth-promoting power compared (see Table IV). 

It appears that reducing the broth by hydrogen in the presence of 
palladinized asbestos affects its value in the same manner as boiling 
or autoclaving. 

It has been indicated elsewhere (12) that plain broth kept under 
vaseline seal develops a reduction potential corresponding to reduced 
indigo disulfonate. In view of the results of Experiment 4, it was 
interesting to test whether incubation under vaseline seal would affect 
the size of the inoculum required to initiate growth. 
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Experivi^nt i.-Test-tubes containing 5 cc. of broth (2^ weeks old) were in- 
oculated with Pneumococcus, human strains of hemol>tic streptococcus, and 
Staphylococcus aureus; some of the tubes were sealed with vaseline imme<^tely 
after inoculation, while the others were incubated under aerobic conditions. 
Table V indicates the smallest inocula with which growth developed. 

This experiment, the results of which have been repeatedly con- 
firmed, show that initiation of growth is facilitated imder vaseline seal. 
However, the results obtained were not so striking as the ones obtained 
wdth “boiled’’ or “autoclaved” broth, or, as shown later, by the 
addition of c>’’steine or ascitic fluid to the broth. 

Sterile blood was added to the tubes which had failed to grow, but no 
growth developed on further incubation, thus indicating that the 
inoculum was dead. In the case of Pneumococcus, autolysis of the 
cells may account for the fact, but this explanation does not hold for 
Streptococcus; the significance of these observations will be discussed 
later. 

IV. Growth of Pneumococcus^ Streptococcus hxmolyiicus, and Staphylo- 
coccus m Cysteine Broth. 

Cysteine is an active reducing agent, capable of reducing indigo car- 
mine (13). Its action in facilitating the growth of certain anaerobes 
has been reported and Quastel and Stephenson (7) suggested that, in 
the case of B. sporogenes, the beneficial action of cysteine was due to 
the establishment in the medium of a favorable reduction potential. 

A preliminary experiment showed that, in the presence of 0.1 per 
cent c^^steine, growth of Pnemnococcus (D/39/R), human strains of 
5. hxmolyitcus (L), and Staphylococcus aureus could be obtained with 
inocula of 10“’, 10“’, and 10“^cc. of broth cmltures, respectively. 

Experiment 6. Plain broth was treated with difierent concentrations of cj’’steme 
(0.002 per cent, 0.005 per cent, 0.01 per cent, 0.02 per cent, 0.03 per cent, 0.1 per 
cent) , in order to determine the smallest concentration at which that substance 
would be active. The tubes were inoculated 12 hours after treatment and incu- 
bated^ under aerobic conditions for 72 hours. The organisms used were those 
described in the experimental methods. 

^ This experiment shows that (ysteine was still active in as high a dilu- 
tion as 0.005 per cent. With very small inocula (10“^, 10“’, lO^s) 
growth developed only after 2 to 3 days, this indicating that c>"steine 
was still active at the time. 



568 


3?ACULTATIVE ANAEROBES AND OXIDATION 


TABLE VI. 


SnioUest Inocula {in cc.) with Which Growth Developed in Presence of Dijfcreni 

Concentrations of Cysteine. 


Organism 


Concenlralion of cysteine 



0.1 

0.03 

0.02 

0.01 

0.005 

0.002 

0 

Pneumococcus 1/193/R 

per cent 

10-’ 

per cent 
‘ 10-8 

per cent 

10-8 

per cent 

10-8 

per cent 

10-’ 

per cent 

io-< 

10-3 

1/200/5 

10-8 

10-7 

: 10-7 

10-8 

10-8 

10-3 

10-3 

D/39/R 

10-8 

: 10-8 

10-8 

10-8 

10-8 

10-« 

10-3 

D/39/45 

1 10-7 

10-7 

10-8 : 

10-7 

10-8 

10-8 

T 

o 

M/3/R 

i 10-8 

10-8 

10-8 I 

10-8 

10-7 

10-* 

10-3 

A/66/64 

: 10-8 

: 10-8 

10-7 

10-8 

10-8 

10-8 

10-» 

S* IjcX7}wJyt{cus S/23/G 

10-8 

10-7 

10-7 

10-8 

10-8 

10-8 

10-3 

s/23/76 

10-7 

10-7 

10-7 

10-7 

10-8 

10-* 

10-3 

Staphylococcus aureus ; 

10-’ : 

10-9 

10-8 

10-8 

10-8 

10-7 

10-3 


TABLE VII. 

Effect of Fnniaric and Siicchiic Acids {0.2 Per Cent in Weight) on the Growth of 

D/391R. 


Medium 



lO-*! 

a 0-3 

10-3 

10-< 

Plain broth 

, + 

+ 

— 


Plain broth + succinic acid 

+ 

+ 

— 

— 

Plain broth + fumaric acid 

+ 

+ 

— 

— 


Inoculum (in cc.) 


TABLE Vni. 


Smallest Inocula Required for Growth to Develop in Plain Broth and Ascitic Fluid 

Broth. 


Organism 

Plain broth 

Ascitic fluid broth 

Heated 

Unheated 

Pneumococcus (D/39/R) 


10-» 


S. hxmolyticu^ (L) 


10-' 

1 10-8 

Staphylococcus aureus 


? 
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It is interesting to test the influence of other reducing organic 
substances. Succinic acid is such a substance, its oxidized form 
being fumaric acid. 

Experiment /.—The effect of the addition of plain broth (2 weeks old) of 
fumaric and succinic acids on the aerobic growth of Pneumococcus is recorded 
in Table \TI. 

As far as the experiment shows, the addition of succinic and fuma- 
ric acids does not affect the growth of Pneumococcus (D/39/R). 
The only difference observed was that growth developed in 24 
hours in the succinic acid tubes inoculated with 10'- cc., while it 
took 48 hours in the plain broth and fumaric acid broth with the 
same inoculum. 

Exptrivieni 8 . — ^Asdtic fluid broth (5 per cent ascitic fluid, added to 3 weeks 
old plain broth) was tested for its value in the initiation of growth of small inocula 
of facultative anaerobes. In some of the tubes the asdtic fluid had been boiled 
before addition to the broth. A tj-pical protocol is presented in Table \Tn. 

These results have been confirmed with many other strains of the 
same bacterial species. They show that unheated ascitic fluid broth 
allows the growth of very small inocula of the organisms used. Ascitic 
fluid seems to be inactivated by boiling. 

DISCUSSION. 

It is apparent that the growth-promoting properties of plain broth 
do not remain constant. Fresh broth used within a few hours after its 
preparation, usually grows Pneumococcus, human strains of hemolytic 
streptococcus, and Staphylococcus aureus, even when one or a very few 
cells are used as inoculum {10- \ 10'® cc. of plain broth cultures). 
Witliin 24 hours, the broth has so changed that it can grow the same 
organisms only if large inocula are used (10"=, cc.) and after 3 
wrecks, the broth has become ver>' poor. However, this same broth 
can be restored to its original value by autocla\dng, boiling, or reducing 
with hydrogen in the presence of palladinized asbestos, as well as 
the addition of small amounts of reduced c\'steine, but not by the addi- 
tion of succinic acid. The addition of ascitic fluid and of very small 
amounts of blood also serves to restore its value. 
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It is probably fallacious to attempt to explain tlie results obtained 
with all tliese procedures from one single point of Anew. HoAve\-er, it 
may be wortli while to point out some possible correlations. 

Let us first consider tlie “deterioration” of plain broth on aging. 
The fact tliat tliis “deterioration” can be completely or partiall}' cor- 
rected b)^ reducing tlie medium wiUi hydrogen and witli C 3 'steinc, or b}' 
keeping it under vaseline seal (condition under whidi tlie broth is 
known to develop highl}' reducing potentials (12)), suggests strongly 
tliat tills “deterioration” is connected witli some o.xidation or o.xj’gena- 
tion process. The influence of autoclaving and boiling may lead to 
tlie same conclusion. 

It is hardty probable tliat tlie results can be explained by a purely 
meclianical removal of tlie oxA^gen. Studies with indicators of oxida- 
tion-reduction potentials have suggested Oiat boiling or autoclaving 
has more tlian tliis purely meclianical effect (12). It has been shown 
tliat recently boiled or autoclaved brotli maintains the indophenols in 
a reduced condition for several hours, even under conditions of active 
aeration. This indicates that tlie oxidation potential of tlie brotli is 
lowered eitlier b}’^ the reduction of some reversible system of oxidation- 
reduction, or bj’" tlie breaking down of a highh’’ oxidized sj’stem. A 
similar conclusion can be readied from a consideration of the results of 
Experiment 3, in which it is shown that tlie influence of boiling lasts 
for over 12 hours — even if tlie brotli is tlioroughl)’’ aerated. 

Blood is an active reducing agent and is also known to possess cata- 
Ijdic properties. Whether the high dilution at whidi it is still active 
justifies tlie assumption tliat its action is due to a quantitatiA'e reduc- 
tion is problematical. It is possible tliat tlie action of blood results in 
a catalytic breaking down of tlie peroxides tliat appear to form in aer- 
ated plain broOi. In sudi a case, tlie inactivit}’- of tlie iron catalysts 
used in Experiment 2 would have to be traced to a lack of spedfic 
affinity between tlie iron compounds and tlie “organic peroxide” 
of the brotli. Finally, it must be remanbered tliat blood introducc.'s 
formed elements in tlie medium. It is certain that a bacterial cdl 
adsorbed by, or simply in tlie vidnitj’’ of, a bloodxorpusde, finds local 
conditions markedly different from tliose prevailing in tlie rest of the 
medium. That sudi conditions are highly reducing is probable. 

Little is known of the properties of ascitic fluid. Confirming otliers 
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(14), we have found that its reducing capacity is very small, but the 
factor intensity should be measured by electrometric methods. On 
the other hand the sample of ascitic fluid used in these experiments 
gave the peroxidase and catalase tests; it is possible that these catalytic 
properties were due to the presence of occult blood in the fluid. In 
such a case, the action of ascitic fluid woiild be only another example 
of the activity of small concentrations of blood. 

Concerning the reducing intensity of succinic acid, Thunberg (15) 
reported that equimolecular mixtures of succinic and fumaric adds 
kept under anaerobic conditions with methylene blue (in the presence 
of succinodehydrogenase) give only a partial reduction of the dye. 
This indicates that the system has a very low reduction intensity, much 
inferior to that of cysteine (which can reduce indigo carmine) and may 
accoimt for its inactivity. Furthermore, it is probable that questions 
of specific affinity have to be considered here. 

Any problem of growth is of course a problem of reaction between 
the organism and the environment. So far, our discussion has been 
concerned only with the environment. Let us now consider the cell as 
affected by these environmental conditions. We know that the pneu- 
mococcus cell is extremely sensitive to changes in the oxygen tension, 
its thermostable autoxidizable substance becoming altematety oxidized 
or reduced according to whether the conditions are aerobic or anaero- 
bic, and the thermolabile cellular constituent becoming irreversibly 
inactivated by slow oxidation. It is to be expected, therefore, that 
the condition of the cell mil be greatly affected by the oxidation poten- 
tial of the medium. It is also probable that the condition of oxidation 
or reduction of the cell is not without effect on its ability to multiply. 

Our results seem to be best explained by the following hypothesis. 

Oxidation processes bear a definite relation to the size of inoculum 
required to initiate the growth of Pneumococcus, Streptococcus, and 
Staph34ococcus. As we prepare it, plain broth contains reducing 
autoxidizable substances. In contact with air these substances give 
rise either to the oxidized form of a reversible oxidation-reduction 
s^’stcm, or, b}^ irreversible oxidation, to highly oxidized substances 
(of the nature of so called * ‘peroxides”). The organisms studied in 
this work require a medium with a definite range of oxidation-reduction 
potential for cell multiplication to occur (7, 9, 16). “Oxidized” 
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broth luxs a potential outside this range. Such a condition may be 
corrected in dificrent ways. 

(a) TJie bacterial cell itself is equipped witli an active reducing sys- 
tem. Wlien a large inoculum is used, enough reducing substances arc 
introduced (from the bacterial cells and the reduced medium carried 
with them) to reduce the “ox’idized” broth and bring it back to favor- 
able conditions. 

(//) Addition of cvstcinc and blood, and reduction b}'’ means of hy- 
drogen, serve the same purpose. Blood may be active also b.y catalyz- 
ing the breaking down of the liypothctical “peroxides.” 

(c) It is more diflicult to see how boiling or autoclaving ma}' bring 
about the reduction of a reversible system; it is more prob.ablc tliat 
they cause a breaking down of the oxidized substance. 

(d) Wlicn incubated under vaseline seal, plain broth develops a 
high reduction potential (12). It may seem surprising that, under 
sucli conditions, the results arc not so favorable as those obtained by 
reducing the brotli in some other way. A possible explanation is that 
tlxc reduction of the “oxidized” substances of the broth under vaseline 
seal is only a slow process; before they arc all reduced by the brotii 
itself, thc)'^ exert some toxic action on tJic bacterial cells and a part of 
tlie cells of the inoculum arc killed (Experiment 5).“ 

SUMMARV. 

The growtlx of many pathogenic organisms in plain meat infusion 
broth is possible only when a large inoculum is used. 

This requirement is mucli less strict when the brotli cultures are 

-It is rc.ilizcd that the o.xid.ition-rediiction potcnti.'d of (lie broth is oiil.v 
one of many factors to be considered in tlie problem of initiation of growth. 
In the course of this work, several batches of plain broth prepared according to 
the standard method, liave been found to be very poor for the growth of Pneumo- 
coccus and their value could not be enhanced by any of the treatments enu- 
merated above. 

It has been observed that samples of brotli, several months old, become com- 
pletelj' inadequate for the growtii of Pneumococcus after tlicy have been boiled, 
but that their value can be restored by addition of cysteine. TJiis effect of 
boiling on very old broth is not ns yet understood. 

Recent e.xpcrimcnts li.ave shown (hat cystine could be replaced by equivalent 
concentrations of thioglycollic acid. 
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incubated (a) under anaerobic conditions, (b) in fresh media very 
recently boiled or autoclaved, (c) in fresh media reduced by means of 
hydrogen, or to which small amounts of cysteine or of blood have been 
added. 

It is suggested that these findings can be accoimted for by assuming 
that the bacterial species under consideration can multiply only in 
media the oxidation potential of which is below a critical value. 

The favorable growth conditions obtained by the procedures enum- 
erated above may be attributed to the establishment of a proper 
reduction potential in the medium; the same result is obtained by 
using a large inoculum, owing to the reducing properties of bacterial 
cells. 
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In a preceding paper (1) it has been suggested that the growth of 
certain facultative anaerobes is inhibited by the existence in the me- 
dium of substances with a high oxidation potential. Accurate studies 
on the critical potentials for different species of bacteria will require 
the use of media “poised” at definite values. Even then, the results 
will be significant only if it is demonstrated that there exists a condi- 
tion of equilibrium between the different parts of the system xmder 
consideration. 

Unfortunately, we have at our disposal only very few oxidation- 
reduction systems, the characteristics of which are known. Among 
these may be mentioned the color indicators of Clark. It seems that 
these indicators together with a few other systems, such as hemoglobin- 
methemoglobin, fumaric-sucdnic add, hermidin, echinochrome and 
some bacterial pigments, might be used to “poise” the media at their 
own characteristic potentials. However, the use of this technique is 
complicated by the toxidty of some of the dyes for certain bacterial 
species. It appeared possible that, in some cases, this toxidty might 
be partly accounted for by the high oxidation potentials of the oxi- 
dized dyes. Were ihis hypothesis justified, it might give us a 
method of determining the critical potential of the bacterial spedes 
studied, by determining which of the dyes are toxic in the oxidized 
form, and not toxic in the reduced form. 

The bacteriddal and bacteriostatic actions of certain dyes on differ- 
ent groups of microorganisms has been known for a long time, but the 
mechanism of this action is still obscure j it is likely that the mechanism 
varies with each type of dyes and each group of organisms. An 
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extensive review of the subject has been recently presented by Sartorius 
(2), but without any special discussion of the fundamental principles 
involved. 

Among the few facts which have been established in this respect may be men- 
tioned tlie more or less complete parallelism between the bacteriostatic of tri- 
phenylmethanes and the Gram reaction (3) . On the other hand, azine and azonium 
dyes, such as phenosafranine and Janus green are known to precipitate proteolytic 
enzjmies (4) and to penetrate the living cell (5). A striking example of the 
differential toxicity of a dye for two closely related bacterial species has been de- 
scribed by Sherman and Albus (6). They showed that, while the growth of 
hemol 3 ’’tic streptococci of human and bovine origin is inhibited by the presence 
in the medium of even low concentrations of meth^dene blue, the cheese strains 
thrive in presence of much higher concentrations of the same d 3 ’’e. Later, Aver}’’ 
(7) found that the sample of methylene blue used contained Zn as impurityj and 
that Zn salts alone, in corresponding concentrations, would also inhibit the human 
and bovine strains. However, purified methylene blue retained the same property. 
Some time later, Brown (8) reported /^that streptococci w’hich were inhibited b}" 
methylene blue in the presence of oxygen grew well in media containing meth 3 ’’Iene 
blue which was reduced.*^ 

Burnet (9) studied the growth of certain organisms on acid fuchsin agar plates 
and found that the growth of “isolated” cells of Staphylococcus aureus, diph- 
theroid bacillus and Friedlander's bacillus was inhibited on such media. (Iso- 
lated cells were obtained by spreading a dilute suspension of the culture over 
the plate.) However, growth developed in the vicinity of colonies of Staphylococ- 
cus aureus obtained by local heavy inoculation. Burnet concluded from his 
experiments “that the fuchsin interferes directly with the production or utiliza- 
tion of peroxide by the organism. The presence of products of growth whose 
primary function is to destroy peroxide, protects isolated organisms against 

otherwise inhibiting concentrations of the d 3 "e Fuchsin must act by 

rendering the organism sensitive to traces of peroxide produced in its own 
metabolism.” 

Although not dealing directly with the toxicity of dyes for bacterial cultures, 
the following three studies may be mentioned here. 

W. M. Clark and associates (10) have indicated that the halogens lose the 
greater part of their toxicity when added imder conditions which prevent the 
attainment of oxidation potentials positive to the indophenols. Voegtlin and 
collaborators (11), working with normal and cancer tissues, found that the 
“toxic action of dyes depends to some extent on their oxidizing power for reduced 
glutathione, and also on other features of their molecular structure” and demon- 
strated by toxicity tests “the existence of a biological antagonism between reduced 
glutathione and meth 3 dene blue.” In the course of their studies on the intra- 
cellular oxidation-reduction potentials of Ainceha dtihia, Cohen, Chambers and 
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Reznikoff (12) observed that ‘'the reductants of toxic oxidants were usually non- 
toxic” and that “the diazines were decidedly toxic.” 

The ultimate object of the following esperiineiits was to find out 
whether indicators of oxidation-reduction canbe used to detenoine the 
critical oxidation potential of the medium above which the growth of 
Pneumococcus and Streptococcus cannot take place. The problem 
which has been most directly considered here is an analysis of the mech- 
anism by which such indicators exert a bacteriostatic action on these 
species. 


TABLE 1. 

List of Dyes* Used, 


Name of oxidant 

£o'(pH « 7.4) 
(in volts) 

tH 

2-Chloroindophenol (o-chlorophenol indophenol) . 


EM 

i 21.8 

Indophenol (phenol indophenol) 



21.6 

2-XIethyl indophenol (o<resol indophenol) 


+0.195 

20.5 

l-Naphthol-2-siilfonate indophenol 


+0.123 

18.1 

Methylene blue 


+0.011 

14.4 

Janus green (green — ^ pink) 

.(approx.) 

-0.02 

13 

Ki indigo tetiasulfonate 


-0.046 

12.5 

indigo tnsulfonate 


-0.081 

11.3 

Kj indigo disulfonate 


-0.125 

9.9 

K indigo monosulfonate 


-0.182 

7.5 

Janus green (pink colorless) 

.(approx.) 

-0.26 

5 

Neutral red 

.(approx.) 

-0.31 

3.7 

Phenosafranine 

.(approx.) 

—0.525 

-3.5 

Litmus 


? 1 


Malachite green 

? 

? 


* The indophenols, the methylene blue, and 3 of the indigoes were obtained 
from La ^foUe Chemical Company. Indigo trisulfonate was obUuned through 
the courtesy of Dr. B. Cohen of the Hygiene Laboratory, Washington, D. C. 
The other indicators were dyes used in the laboratory for staining and cynological 
work. 


EXPERIMEKTAL. 

^[cthods, 

12 hour plain broth cultures of the folloudng organisms were used in the test 
Pneumococcus: smooth virulent: Type I (1/200/4) 

Typcn(D/39/43) 

Type ni (A/66/69) 
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Rough avirulcnt derived from Tj'pe I (1/193/R) 

Type II (D/39/R) 

Type III (M/3/R) 

Streptococcus Jixmolyticus: human strains: L, S/43, S/23/Glossy, S/23/Matt 

bovine strains: C/64, C/67 
cheese strains: P, M 

Since, in all cases, the results have been the same for all the strains of the 
same tj'pe of organism, only the results dealing with representatives of each 
type will be given. 

The experiments were carried out in meat infusion broth, prepared 1 to 2 
weeks before use. 

The dyes used may be found in Table I. 

The behavior of these dyes in plain broth has been studied in a pre- 
ceding paper. It may be well to review briefly some of these results. 

All the dyes studied function as reversible systems of oxidation- 
reduction, with the exception of the green — > pink reduction of Janus 
green which is irreversible. The rH of all but two of them are known. 
When added to plain broth in concentrations not exceeding the 
reduction capacity of the medium, all indicators positive to indigo 
disulfonate, i.e. with an rH higher than 10, are reduced, if the sj^stem is 
kept under vaseline seal. The time of reduction for equimolecular 
concentrations of the dyes increases progressively as the rH becomes 
more negative. Although no electrometric measurements are avail- 
able for malachite green and litmus, the fact that they were not 
reduced by plain broth suggests that their rH is smaller than that of 
indigo disulfonate. 

Many of the indicators, when added to broth, are rapidly decom- 
posed under aerobic conditions, but remain stable under vaseline seal; 
the indophenols are especiall}’- unstable (particularly methyl indo- 
phenol, and phenol indophenol). 

The dye solutions were autoclaved, e.xcept the solutions of indo- 
phenols which were prepared (with aseptic technique) and proved to 
be sterile. 

Aerobic Growth of Fncumococcus and Hemolytic Streptococcus in the 
Presence of Oxidized Dyes, 

Experiment 1 . — To a series of test-tubes each containing 5 cc. of broth, suffi- 
cient amounts of the different dyes were added to give final concentrations of 
0.001 M, 0.003 M, 0.0001 M. The tubes were inoculated with 0.1 to 0.01 cc. of , 
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TABLE n. 


Growth of Fncumococcits and Hemolytic Streptococci in the Presence of rH 

Indicators. 



I 

Pneunococcus 
t slrain derived from 
Typell (D/39/R) 

Streptococcus 
hzTKlyilcus, 
Human strain. 

L 

Streptococcus 

kcsrzolyticus. 

Cheese strain 

P 

Indiciitor 


Inoculum cc. 

Inoculum cc. 

InocuJjin cc. 



10-1 

10-5 

IQ-* 

lQ-5 

1Q-* 

10-5 

2-ChloToindopbeiiol 

u 

0.001 

_ 

. _ 





y » 

1 



.0003 

— 

— 

— 

— 


4“ 


.0001 


— 

— 

— 

? _ 

a. 

Phenol indophcnol 

.001 

— 

— 

- 

— 

+t 

4-f 


.0003 


— 

— 

— 

’ 4- 

4- 


.0001 


— 

— 

— 

4- 

t 

2'Methyl indophenol 

.001 

Erratic 

results d 

ue to bre 

aking 


-r 


.0003 

down of the dye in the broth 1 

4- 

4- 

2'Sulfonate-l-iiaphthol 

.0001 

.001 





4- 

% 

indophenol 

.0003 

f — 

— 

r 

— 

a. 

-U 


.0001 

-f 

— 

4- 

-U 


-i- 

Methylene blue 

.001 

— 


— 

— 


4- 


.0003 

— ' 

— 

— 

— 

4- 

4- 


.0001 


— 

— 

— 

4- 

4- 

Janus green 

.001 


— 

— 



-i- 

4_ 


.0003 

— 

— 

— 

— 

— 

— 


.0001 

— 

— 

— 

- 

- 

- 

Indigo tclrasulfonalc 

.001 

4" 

4- 

-U 


-t- 

4_ 


.0003 

■h 

4- 


4- 

4- 

4- 


,0001 

-r 

4- 

4- 

4- 

4^ 

4- 

Indigo trisuUonale 

.001 

4“ 







.0003 

4- 

4- 


-i- 

4- 

» 


.0001 


4- 

4' 

4- 

1 -u 

4- 


In this table 4- indicates that growth developed in 24 hours; — indicates no 
growth. 


• The dyes arc arranged in the order of the cIccUomotive series (see Table I), 
t The growth of the cheese strains of Streptococcus Iwcmohticus was delayed 
in the presence of 2<hloroindophcnol and phenol indophcnol but finaUv de- 
veloped in 30 hours. 
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TABLE H—Conch(3cd. 


' 

Pneumococcus 

P sixain derived from 
Type II (D/39/R) 

Stref'fococcuJ 
hcttnoiUictis* 
Human strain 

L 

S/repioccccus 
htrmolyiicw. 
Cheese strain 

P 

Inoculum cc. 

Inoculum cc 

Inoculum cc 

10-* 

JO-a 


10-^ 

J0-* 

I0-* 

1 

1 

Indigo disulfonate 

M 

.001 

+ 

+ 

+ 

+ 

+ 

+ 


.0003 

+ 

+ 

+ 

+ 

+ 

+ 


.0001 

+ 

+ 

+ 

+ 

+ 

+ 

Indigo monosulfonate 

.001 

+ 

+ 

+ 

+ 

+ 



.0003 

+ 

+ 

+ 

+ 

+ 

+ 


.0001 


+ 

+ 

+ 

+ 


Neutral red 

.001 








.0003 

— 

— 

— 

— 

+ 

— 


: .0001 

1 

— 

-- 

— 

— 

+ 

+ 

Phenosafranine 

.001 

— 




... 




.0003 

— 

— 

— 



+ 


.0001 

— 

— 

— 



+ 

Malachite green 

Wm 

+ 

+ 

+ 

+ 


+ 


■■ 

+ 

+ 

+ 

+ 




.0001 

+ 

+ 


+ 


+ 

Litmus 

? 

+ 

+ 

+ 

+ 


+ 


TABLE III. 

Time Required for the Growth of Cheese Strain (P) of Hemolytic Streptococcus to 
Develop in the Presence of Indophcnols. 


Dye 

Concen- 

tration 

Inoculum cc. 

10-3 , 


10-3 


2-Cliloroindophenol 

Phenol indophenol 

LNaphthoI-2-sulfonate indophenol 

u 

0.001 

0.001 

0.001 

IQ 

Ari. 

1 

48 

28 
i IS 

H 

hrs, 

48 

28 

20 ' 
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the various cultures and growth was recorded after 36 hours incubation at 37^0. 
Typical protocob are given in Table n. 

The results were definite except in the case of the cheese strain of 
Sirepfococcus hxinolyiicus^ the growth of which was retarded in the 
presence of some of the indophenols but finally developed. The 
question was investigated further by using smaller inocula of this 
strain (Table III). 

Judging from the color of the solution, a good deal of the 2-chlorcH 
indophenol was decomposed in 48 hours, so that it may be concluded 
that the growth of cheese strains of Streptococcus hxmolyticiis is at 
least partially inhibited by 2-chloroindophenol, and also perhaps by 
phenol indophenol. 

Summarizing the results of Tables 11 and EH, it appears that the 
growth of Pneumococcus and of human strains of Streptococcus 
hxmolyticus is inhibited by all the dy^es positive to indigo tetrasulfo- 
nate (i.e. with an rH higher than 12.5), and by neutral red and pheno- 
safranine. The cheese strains of Streptococcus hxmolyticus are inhib- 
ited only and more or less completely by the most positive indophenols 
and by Janus green, neutral red and phenosafranine. 

Toxic Action of Some of the Oxidized Dyes on Cultures of Streptococcus 

hxmolyticus. 

It is probable that the effect of the addition of dyes to broth is 
manifold; it is known for instance, that bacteriostatic and bactericidal 
action of dyes do not always run parallel (3). Before attempting to 
find whether the bacteriostatic action of the oxidized forms of rH 
indicators is due in many cases to a * 'poising’’ of the medium at a high 
oxidation potential, it is necessary^ to eliminate from our tests those 
indicators which can be shown to exhibit a primary^ toxicity’, not re- 
lated to oxidation-reduction phenomena. WTiile the object of Experi- 
ment 1 was to establish which of the dyes would prevent cell multipli- 
cation. Experiment 2 ser\-ed to establish whether any of these dyes 
would be toxic for the cells. This was tested by adding dyes to a fully 
developed culture and studying their effect. 

Experiment ^.—12 hour broth cultures of Streptococcus Jixmohtlcus were 
transferred to test-tubes in amounts of 2 cc. per tube; sufndent amounts of the 
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dyes were then added to give a final concentration of 0.005 xt. After exposure 
of the cultures to the dyes for different lengths of time, subcultures were made 
on blood agar plate to determine the viability. Tlie test was not performed 
with Pneumococcus because the cells of this organism autolyze too rapidly. 

The results of Experiment 2 are given in Table IV. 

These results indicate that, under the conditions of the experiment, 

TABLE IV. 


Toxic Action of rll Indicators* on Streptococcus hxmolyticus. 


Dyes in 0.005 m concentration 

Strepiotoccu^ hamo 

Human strain 

iylicur 

Cheese strain 

Time oi exposure (hrs.) 

Time of exposure 
(hrs.) 

2 

n 

n 

10 

2S 

10 

2S 

2-Chloroindophenol 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Phenol indophenol 

+ 

+ 

+ 


+ 


+ 

l-Naphthol-2-sulfonate indophenol 

+ 

+ 

+ 


+ 

+ 

+ 

Methylene blue. 




+ 


+ 

+ 

Janus green 


— 

— 


— 

db 1 

— 

Indigo tetrasulfonate 

+ 

+ 

+ 



+ 

+ 

Indigo trisulfonate 

+ 

+ 


+ 

+ 

+ 


Indigo disulfonate, , 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Indigo monosulfonate j 

+ 

+ 

+ 

1 + 

+ 

+ 

+ 

Neutral red 

+ 

rb 

— 

■ 

— 

+ 

— 

Phenosafranine 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Litmus.., 

+ 

+ 

+ 

+ 

+ 


+ 

ilalachite green 

+ 

+ 

+ 

+ 

+ 

+ 

4- 


* The dyes are arranged in tlie order of the electromotive series (see Table I). 
— indicates no growth on blood agar, =b indicates poor growth on blood agar, 
+ indicates good growth on blood agar. 


Janus green, neutral red and phenosafranine exerted a definite toxic 
action on the cells of Streptococcus hdsmolyticus. On the contrary, the 
cells remained alive much longer in the indophenols, methylene blue, 
the indigoes, malachite green and litmus. Further work was tlierefore 
limited to this latter group of dyes. 
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Growth of Pneumococcus and Hemolytic Streptococcus in the Presence of 
Reduced Indophenols. 

If the bacteriostatic action of the oxidized indophenols and methyl- 
ene blue is due to the fact that they “poise” the medium at a high 
oxidation potential, the reduced forms of these dyes should be inactive. 

Experiment 3.— The bacteriostatic action of the reduced dyes ’^as tested in 
the apparatus represented in Fig. 1. This apparatus is a slight modification of 
the one described in a previous 
article (1) Fig. 2, the tube through 
which the hydrogen enters the 
system being shorter in order to 
avoid bubbling gas through the 
culture. 

The experiment was carried out 
as follows: 

10 cc. portions ot tecently boiled 
broth were transferred to each of 
36 large tubes; the reduced dyes 
were added to 12 of them which 
were filled with the reduction ap- 
paratus (Fig. 1); 12 other tubes were 
treated with the oxidized dyes and 
the last 6 did not receive any treat- 
ment. The dyes (2-chloroindo- 
phenol and l-naphthol-2-sulfonate 

indophenol) were used in concentrations of 0.0005 it. All the tubes bad been 
inoculated before treatment. Growth was recorded after 24 hours incubation at 
37'’C. (Table V), 



This experiment confirms the complete inhibition of growth of 
Pneumococcus and human strains of Streptococcus lixmolyiicus by the 
oxidized indophenols and the partial inhibition of the cheese strains by 
the oxidized 2-chloroindophenol. On the contrary, all the cultures 
grew well in the presence of the reduced dyes. 

The Effect of the Addition of Oxidized Dyes to Plain Broth on the Growth 
of Pneumococcus and Streptococcus Jixmolylktis Incubated under 
Anaerobic Conditions. 

It has been shoum (13) that the indophenols and methylene blue are 
reduced by plain broth when the s>-stem is kept under vaseline seaL 
In consideration of the results of Experiments 3, it appears likely there- 
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fore that the bacteriostatic action of tlie dyes would be greatl}^ de- 
creased under vaseline seal. 

It is also known that methylene blue is reduced in plain broth when 
the mixture is kept in anaerobic jars. As was to be expected, the 
indophenols arc also reduced under such conditions. 

Experiment 4, — The toxicity of methylene blue and indophenols was tested 
under vaseline seal and in anaerobic jars. In the course of the experiments, it 
was found preferable to use smaller concentrations of methylene blue than of 
indophenols for tlie two following reasons; (a) methylene blue is reduced only 
very slowly in high concentration, {b) methylene white being but little soluble 
precipitates out. 

TABLE V. 


Influence of the Addition of Oxidized and Reduced Indophenols on the Growth of 
Pneumococcus and Hemolytic Streptococci. 


Dyes in 0.0005 M concentration 

Pneumococcus 

Streptococctis /ntnolyUcus 

Inoculum cc. 

1 

Human strains 

Cheese strains 

Inoculum cc. 

i 

Inoculum cc. 

10-1 

10“« 

10-t 

1 

10-t 


10-8* 

2“Chloroindophenol, oxidized 

— 

— 

— 


+ 



2-Chloroindophenol, reduced 


+ 

+ 

+ 


-f- 

l-Naphthol-2-sulfonate indophenol, oxidized. 

— 

— 


-- 

■f 

— 

l-Naphtliol-2-suIfonatc indophenol, reduced. 

+ 

+ 


+ 


+ 

Controls 

+ 

+ 

+ 

+ 


+ 


* As already pointed out in Experiment 1, the bacteriostatic action of oxidized 
indoplienols on cheese strains of Streptococcus hxmotyticus can be recognized only 
when very small inocula are used. 


On the other hand, both tlie reduced and oxidized forms of the indophenols are 
very soluble and the oxidized forms are reduced rapidly even in concentrations 
as high as 0.0005 m; furthermore, these dyes decompose rapidly under aerobic 
conditions in the presence of broth, and it is necessao^' to use high concentrations 
to obtain sharp results. 

In this experiment, the indophenols and indigoes were used in 0.0005 m con- 
centrations and methylene blue in 0.00006 m concentrations. 

The brotlis used were 6, 3 and 9 da3>^s old, respectively. The cultures were 
Pneumococcus (D/39/R), Streptococcus hxmolyticus, human strain L and cliccse 
strain P. The size of inocula used and the results are given in Tables VI, WI 
and WII. The tubes marked ‘Vaseline’* were sealed witli a 2 cm. layer of 
vaseline; the anaerobic jars were incubated for 48 hours before being opened. 
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The results of Tables VI, Vn and ^TII constitute a new demonstra- 
tion of the bacteriostatic action of the oxidised fonns of methylene 
blue and the indophenols on Pneumococcus and human strains of 

TABIX VI. 

Growth oj Fncumococcus {D I 39 IK) in the Fresaice of Dyes, under Aerobic and 

Anaerobic Conditions. 


Dye 

Aerobic 

Anaerobic 


Vaseline £< 

eal 



• 

Jar 



iDOculoia cc. 

i 

Inoculum cc. 

Inoculum cc. 


o 

o 

o 

T 

o 

1 

1 

o 

T 

1 o 

o 

T 

o 

1 

1 

o 

s 


1 

2-Chloroindophenol 0.0005 ii 

— 

— 



+ 

4 - 

4 - 

-f 

— 

— 

4 - 

+ 

4 - 

- 

- 

- 

l*Naphthol-2-sulfonate indophenol 0.0005 ii. 

- 


- 

- 

+ 

4 - 

4 - 

— 

— 

— 

4 - 

4 - 

— 

— 

— 

— 

hlethylene blue 0.00006 ii 

— 

— 

— 

— 

4 - 

4 - 

— 

— 

— 

— 

4 - 

4 - 

4 - 

4 - 


— 

Indigo tetrasulfonate 0.0005 ii 


+ 


— 

4-1 

-U 

4 ", 

4 - 

4 - 

— 

+! 

j-' 

• 1 

4 - 

— 

— 

— 

Plain broth 




— 

4 -' 

4 -* 

4 - 

4 - 

— 

— 

4 -' 

+ 

4 - 

— 

— 

— 


-f indicates that growth developed, — indicates no growth developed. 


TABLE vn. 

Growth of Eutnan Strains (L) of Streptococciis h^emolyiicits in the Fresence' of 
DyeSy under Aerobic and Anaerobic Conditions. 



Aerobic 






Anaerobm 



















Dye 





1 











Inoculum > 

cc. 


Inoculum cc. 



Inobulum cc. 



1 

1 

6 

o 

i 

1 

O 

o 

o 

1 

1 


o 

o 

o 

i 

i 

2-Chloroindopbenol 0.0005 ii 

— 

*“i 


1 

4 - 

4 - 

4 - 







4 - 

4 - 

4 - 


~2 


l-Xaphthol-2-sulfonalc indophenol 0.0005 m. 



— 

— 

4 -^ 

-|- 

— 



— 

4 - 








Methylene blue 0.00006 ii 

— 


— 


4 - 

4 - 

4 - 

— ! 



4 -; 

4 - 

4 - 





Indigo IclmsnUonalc 0.0005 M 

4 - 

4 - 

+' 

— 

4 - 

4 - 

4 - 

4 - 

4 - 

4 - 


4 - 

4 - 

4 -; 

.... 


Plain broth 

4 - 

4 - 

4 - 

— 

4 - 

+ 

4 - 

4 - 

4 - 

— 

4 - 

4 - 

4 - 

+1 

□ 

- 


+ indicates that growth dc\-eloped, - indicates no growth de\^eloped. 


Streptococcus iKcuwIyticus; as expected, the cheese strain of Streptococ- 
cus luxmoJyticus was inhibited only by high concentrations of 2-chlor6- 
indophenol and when the inoculum was small. Under anaerobic 
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conditions (vaseline seal or anaerobic jar), methylene blue and the 
indophenols lost a great part of their bacteriostatic action. In the 
tubes kept under vaseline seal, it was possible to observe that, in the 


TABLE VIII. 

Growth of Cheese Strain (P) of Streptococcus hxmolyticus in the Presence of Dyes, 
under Aerobic and Anaerobic Co?fdi/io?^. 


Dye ' 


Vaseline seal 

Jar 

Inoculum cc. 

Inoculum cc. 

1 

Inoculum cc. 

r' 

1 

1 

o . 

7 

o 

I 


^ 1 

T 

o 

i 

1 

r' 

1 

1 

7 

2, 

o 

2-Chloroindoplicnol 0.001 ii 

1— 

— 

— 

— 

■ 

'+ 

+ 

+ 

+ 

+ 

'+ 

+ 

+ 

+ 

— 

l-Naphthol-2*sulfonate indophenol 0.001 ir... 

1+ 

+ 

+ 

+ 

+ 

'+ 

+ 

!+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Plain broth 

■+ 

+ 

+ 


+ 
j 

+ 

+ 

+ 


'+ 

+ 



+ 

+ 

'+ 



Aerobic 


Anaerobic 


+ indicates that growth developed, — indicates no growth developed. 


TABLE rx. 

Influence of 0.00002 M Mcthyloie Blue on the Growth of Type II Pneumococcus 
(P/JP/J) in Boiled'^ and ^^Unboiled*^ Broth wider Aerobic and Anaerobic 

Conditions. 



Aerobic 

Anaerobic Jar 

Inoculum 

**tJnboiled** broth 

"Boiled” broth 

“Unboiled” broth 

“Boiled” broth 


No methyl- 
ene blue 

Methyl- 
ene blue i 

No methyl- 
ene blue 1 

Methyl- 
ene blue j 

No methyl- 
ene blue 

Methyl- 
ene blue 

No methyl- 
ene blue 

Methyl- 
ene blue 

cc. 









lo-i 


+ 

+ 

+ 


+ 

+ 

+ 

10-^ 

+ 

— 

+ 

+ 

+ 

+ 

+ 

+ 

io-» 

— 

— 

+ 

— 

— 

+ 

+ 

+ 

10'< 

— 

— 

+ 

! — 

— 

+ 

+ 

+ 

10“5 

— 

— 

+ 

— 

— 

+ 

+ 

+ 

lO"* 

1 

— 

+ 

— 

— 

— 

+ 

+ 


+ indicates that growth developed, — indicates no growth developed. 


presence of these dyes, growth did not develop as long as the dye was 
not reduced. On the contrary, growth developed in the presence of 
the oxidized form of indigo tetrasulfonate. 
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The Tinexpected observation has been made that the initiation o£ 
growth of Pneumococcus is fadlitated in the anaerobic jar when traces 
of methylene blue are added to the broth. The most characteristic 
example of such an effect is given in Table IX. 

ExperVTient 5- — One half of the broth used in this experiment had been boiled 
immediately before inoculation. The ‘boiled” and “unboiled” samples vrere 
dirided again into two series; one of them was inoculated as such, the other one 
only after addition of 0.00002 M methylene blue. The inoculated tubes were 
incubated either under aerobic conditions, or in an anaerobic jar. The observa- 
tions were made after 36 hours incubation (Table IX). 

Similar results have been obtained with 6 different strains of Pneu- 
mococcus. They confirm that methylene blue is not toxic, when re- 
duced in the broth. In the anaerobic jar, growth developed only with 
10"^ and 10“- cc. inoculum in the plain “unboiled” broth, while it took 
place with as little as cc. inoculum in the presence of 0.00002 m 
methylene blue. However, even such a minute concentration of the 
dye is bactericidal in the oxidized fonn, as appears from the results , 
obtained under aerobic conditions. (This is especially striking in the 
case of “boiled” broth.) The growth of very small inocula in the pres- 
ence of traces of methylene blue in the anaerobic jar must be due there- 
fore to an indirect effect. It can be explained by assuming that 
methylene blue, being such an actively reversible system, does acceler- 
ate the reduction of the broth itself. 

Comparative Growth of Human and Cheese Strains of Streptococcus 
hxmolyticiis in Plain Broth, 

It has been established that the growth of human strains of Strepto- 
coccus hxmolyticns is completely checked by the presence in the me- 
dium of the oxidized forms of methylene blue and the indophenols, 
while the growth of the cheese strains of Streptococcus hxmolyticiis is 
inhibited only by the 2-chloroindophenol, the most positive of the 
indicators tested. On the other hand, it has been suggested elsewhere 
(1) that the growth of small inocula of human strains of Streptococcus 
hxmolyticus may be inhibited by the presence of oxidized substances in 
plain broth. It was interesting to compare the growth of small inocula 
of human and cheese strains of Streptococcus hxmolyticus in this 
medium. 
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Experiment 6 . — Varying amounts of 12 hour cultures of human (L) and cheese 
(P) strains of Streptococcus Iixmolyticus were seeded into test-tubes containing 5 
cc. of plain broth (1 week old). Growth was recorded after 24 hours (Table X). 

The results of Table X indicate that, while a fairly large inoculum 
is necessary to insure the growtli of human strains of Streptococcus 
Iixmolyticus in plain broth, the cheese strains develop in the same 
medium following inoculation of a very few cells only. 

DISCUSSION. 

Janus green, neutral red and phenosafranine form a special class 
among the indicators of oxidation-reduction potential used in this work. 


TABLE X. 

Growth of Human [L) and Cheese (P) Strains of Streptococcus hxnwtyticus in 

Plain Broth. 



+ indicates that growth developed, — indicates no growth developed. 


They rapidly kill cultures of hemolytic streptococci to which they 
are added in sufficiently high concentrations. These cultures remain 
alive for a longer time when put in contact with the same concentra- 
tions of the other indicators. This toxic action of Janus green, neutral 
red and phenosafranine is not related to phenomena of oxidation- 
reduction, The discussion will therefore be limited to the other indi- 
cators. 

The results concerning the bacteriostatic action of the indophenols, 
methylene blue, the indigoes, malachite green and litmus on Pneumo- 
coccus and Streptococcus Iixmolyticus are summarized in Table XI. 

In Table XI, the dyes are arranged in the order of their oxidation - 
reduction potentials (electromotive series). It is apparent that 
Pneumococcus and human strains of Streptococcus Iixmolyticus are 
inhibited only by the indophenols and methylene blue; i.e. by the dyes 
having an rH higher than 12.5. The cheese strains of Streptococcus 
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lixniolyticus are inhibited by 2-chloroindophenol and perhaps phenol 
indophenol, but not by the others, indicating that their ''bacteriostatic 
potential^' is above rH 21. 

The bacteriostatic action of the indophenols and methylene blue is 
completely or partly corrected when (a) they are added to the medium 
in the reduced form, {b) the mixture broth-dye is incubated imder 
anaerobic conditions (the concentration of dyes being low enough to 
allow their reduction in a reasonable time). 


TABLE XI. 

Graivlh of Pneumococcus and Hemolytic Streptococci in the Presence of Different 
rH Indicators Used in the Oxidized Form under Aerobic Conditions. 


Dye* 

Pneumococcus 

Strephcoccux kcmzlyticus 

Human strain 

Cheese strain 

2-Chloroindoplienol 

— 

— 

J 

Pbenolindopbenol 

— 

— 

4 — (?) 

l-Naphthol-2“Sulfoiiate indophenol 

— 

— 


hicthylene blue 

— 


4- 

Indigo tetrasulfonate 

-f 

4“ 

JLm, 

i 

Indigo trisulfonate 

JL. 

4- 

f 

Indigo disulfonate 

4- 

4- 

f 

i 

Indigo monosulfonate ! 

4" 

4- 

f 

“T 

Malachite green 

-1- 

-i- 


Litmus 

4- 

4- 

% 

1 


* The dyes are arranged in the order of the electromotive series (see Table I). 
— indicates complete inhibition of grow'th, -1 — indicates partial inhibition 
of growth, + indicates normal growth. 


It has already been suggested that, before an organism can multiply, 
the medium in which it is present must reach a critical reduction 
potential. It is attractive to suppose that, for Pneumococcus and 
human strains of hemolytic streptococcus, the critical potential is 
between indigo tetrasulfonate (rH = 12.5) and methylene blue 
(rH == 14.4) while it is somewhere below the chloromdophenol for the 
cheese strains of Streptococcus hxmoyticus. The corollary of such a 
view is that all the dyes or other substances with an oxidation potential 
higher than that of indigo tetrasulfonate would be bacteriostatic for 
Pneumococcus and human strains of hemolytic streptococcus, while 
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only the ones positive to phenol indophenol would have such as action 
oh cheese strains of hemolytic streptococcus (provided that the dye is 
not primarily toxic and that conditions of equilibrium exist between 
the dye and the culture) . ' 

In terms of this hypothesis, the large inocula required for obtaining 
a growth of Pneumococcus and of human strains of Streptococcus 
hsemolyticns in plain broth, seiY^e the purpose of reducing the broth to a 
potential (rH = 13) corresponding to reduced methylene blue. The 
cheese strains of Streptococcus hsimolyticus on the contrary grow with 
such a small inoculum because the potential of aerated broth is within 
the range in which these organisms can multiply. In fact, tlie oxida- 
tion potential of the brotli is certainly not much higher than that of 
oxidized 2-chloroindophenol, since the dye remains reduced for a long 
time in broth that has been recently boiled, and aerated afterwards. In 
fact, 2-chloroindophenol is the only dye tested which exerts a definite 
bacteriostatic action, and even then, this action is only partial, indi- 
cating that we are just on the border of the critical potential. 

The fact that the dyes are not toxic in the reduced form is of course 
in agreement with tlie hypothesis. 

Let us now consider a few of the objections that may be made to this 
point of view. When the dj^es are added in the reduced form, they re- 
main reduced in the medium only if the broth is at an oxidation poten- 
tial below, or equal to, that of the reduced dye. On the other hand, 
if oxidized indophenols ormeth 3 dene blue are added to reduced broth, 
and the system kept under aerobic conditions to prevent reduction of 
the d 5 '’e, it is likely that the brotli will oxidize rapidty. Consequently, 
when we are dealing with oxidized or reduced dye, we are dealing at the 
same time with oxidized or reduced broth. As we know tliat tlie con- 
dition of the broth is of the greatest importance for initiation of growth 
(1), it is hard to know whetlier the dye is no longer toxic becausepresent 
in the reduced form or only because the reduced broth is a more favor- 
able medium. To this objection one can answer by pointing out tliat 
according to the hypothesis, both oxidized broth and the oxidized indi- 
cators under consideration are bacteriostatic, not as broth or dye, but by' 
virtue of their oxidizing intensity. In both cases, fundamentally, the 
mechanism of action is the same, and a solution of tlie problem will be 
possible only when we have at our disposal media which do not func- 
tion themselves as active systems of oxidation reduction. 
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Another weak point is that toxicity stops exactly with the indigoes. 
Is it not possible that toxidty is related, not to the oxidation-reduction 
characteristics of the dyes, but to their structure? A convincing proof 
would be to find an organism inhibited only by some of the indigoes, 
and not by the ones with a more negative rH. An interesting evidence 
of this sort is supplied by the fact that cheese strains of Streptococcus 
hxmolyticus are inhibited only by the most positive of the indophenols 
tested. In that respect, it would be important to test the action of 
other indophenols. 

As they stand, our experiments do not supply any fact to contradict 
the hypothesis that methylene blue and oxidized indophenols are 
bacteriostatic because they ^^poise” the medium at an oxidation poten- 
tial outside the range in which Pneumococcus and human and bovine 
strains of hemolytic streptococcus can grow. The problem of the 
mechanism whereby such a medium, poised at a high oxidation poten- 
tial, becomes bacteriostatic for certain species, can be considered from 
at least two points of view. On the one hand, we may suppose that the 
presence of oxidized dyes in the medium results in such a change in the 
condition of some of the constitutents of the broth, that they are no 
longer available for growth. On the other hand, the action of the dye 
' may be not on the broth, but on the bacterial cells themselves. We 
know for instance, that the pneumococcus cell contains a dual system 
of oxidation-reduction consisting of a thermolabile cellular constituent, 
and thermostable autoxidizable substances which can be removed by 
washing (14) . By means of tins system, the P neumococcus cell is able 
to carry on a series of oxidations and reductions, the thermostable 
components becorrung reversibly reduced or oxidized in the process, 
while, under aerobic conditions, the cellular component is inactivated 
by oxidation. It may be considered that the oxidized dyes bring the 
autoxidizable substances, or the thermolabile cellular constituent, to an 
oxidation potential where they are no longer adjusted to the metabolic 
activities of the cell. 

Whatever its explanation may be, the fact remains that the indi- 
cators studied are much less toxic under anaerobic than under aerobic 
conditions. The significance of this observ^ation for the use of dyes in 
therapeutics is cvndcnt since their action rr/ro,” under aerobic 
conditions, is little indication of what it will be in the presence of living 
tissues which are knemm to be active reducing agents. It is to be 
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expected that some dyes will be very effective when used on superfidal 
wounds, but not when injected. 

Undoubtedly, the mode of action of dyes is manifold, but the obser- 
vations presented above may help in the analysis of this action, by 
pointing to one of the factors to be controlled. 

SUMMARY. 

Oxidized indophenols and methylene blue are bacteriostatic for 
Pneumococcus and hemolytic streptococci- of human and bovine 
origin, while the indigoes, malachite green and litmus are not toxic. 

2-Chloromdophenol, the most positive of the indicators of oxidation- 
reduction potentials used, is also the only one to have a bacteriostatic 
action on cheese strains of Streptococcus hxmolyticus. 

Methylene blue and the indophenols are no longer bacteriostatic 
when present in a reduced form in a medium capable of maintaining 
them in such a condition. 

A comparison of these results with the growth in plain broth of the 
organisms studied suggests that the “inhibiting” dyes “poise” the 
medium at an oxidation potential outside the range in which the inhi- 
bited organisms can grow. 

The validity of this hypothesis is discussed. 

The significance of these observations for the use of dyes in thera- 
peutics is considered. 
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STUDIES ON BACILLUS TYPHOSUS TOXIC SU1BSTANCES. 

II. The Effect of Sera upon the Factors DETERiUNiNG Local 
Skin Reactivity to Filtrates of Bacillhs 
Typhosus Cultures.* 

By GREGORY SHWARlZ^ilAN, MJ). 

(From ihe Laboratories of the Moinil Swat Hospital, York) 

(Received for publication, December 3, 1928.) 

In the previous communication (1) a local skin reactivity to B. 
iyphosiis (^ture filtrates was described. The reactivity was induced 
by injection of the filtrate into the skin. If 24 hours later an intra- 
venous injection of the same filtrate was given to the rabbit, there 
appeared an extremely severe hemorrhagic necrosis at the site of the 
previous injection. The mechanism is not fully understood as yet 
since no complete experimental comparison has been made between 
this phenomenon and the manifestations of bacterial allergy. There 
were found, however, certain features which, cojisidered together, 
distinguish this phenomenon from the known phenomena of bacterial 
hypersusceptibility and from the Arthus phenomenon. These 
features are: the local reactivity; the short incubation period neces- 
sary for local preparation of the skin; the short duration of the state of 
reactivity; the ability to induce the reactivity by a single injection; 
and the necessity to make the second injection of the toxic agent by 
the intravenous route. 

The present paper deals with the relation of the specific antisera to 
the skin-preparatory factors of the phenomenon above described. 
There was a double purpose in these studies, first, to elucidate the 
mechanism of the phenomenon, and secondly, to determine whether 
specific sera neutralized the preparatory factors, and if so, whether 
this could be advantageously applied to titration of the neutralizing 

• A prclinimar>' report of this work was presented before the Sodtty of American 
Bacteriologists, Richmond, Virginia, December, 1928. 
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properties of the sera. In pursuance of this plan the effect of homol- 
ogous, normal and heterologous sera was studied. 

J 

Methods, 

Preparation of Immune Antisera. — Most sera were prepared by the injection of 
toxic culture filtrates. Since a considerable number of the rabbits died from 
intensive immunization with these untreated filtrates, some animals were injected 
at the beginning of the immunization with autoclaved filtrates and later with 
filtrates heated in the Arnold steam sterilizer as also with filtrates heated at 60® 
for 1-2 hours, and finally with potent toxic filtrates. Some animals received injec- 
tions of whole bacteria, first heated to 60® for 2 hours, then live bacteria. 

Most of tlie injections' were made intravenously, but in some instances the 
subcutaneous route was employed. They were usually made every week for 3 or 
4 successive days for a period of 6-7 weeks. The final bleedings were made about 
10 days after the last injection or earlier if the animals appeared sick. 

Heterologous sera were sirajlariy prepared. B, iyphosns^ Para A and B, and 
Shiga bacillus sera employed in some experiments, were prepared in the New York 
Board of Health Laboratories by immunization of horses. Other animals em- 
ployed in this work for immunization purposes were goats and rabbits. 

Technique of the N cuiralization Experiments. — The toxic filtrates were m,ixed with 
sera in the desired proportions and the mixtures were incubated in the water bath 
at 37® for 1 hour. Precipitations were always recorded. Immediately before 
injection the tubes were shaken and the fluid together with the precipitate was 
used for injections. The skin of the abdomen of rabbits was prepared, as described 
in the first paper of this series (1), and the mixture injected into various areas, 
usually the lower right and upper and lower left areas of the shaven skin of the 
abdomen. The upper right area of the skin of the abdomen of each rabbit was 
injected with the toxic filtrate alone, previously diluted with 0.9 per cent sodium 
chloride solution and kept in the water bath at 37® for 1 hour. Sometimes the 
order of the injections was changed. ■ 24 hours aftenvards, the B. typhosus culture 
filtrate was injected intravenously and readings of the reactions were made 4-5 
hours after the intravenous injections. It may be stated here that the specific 
sera had no obvious neutralizing effect upon the erythema frequently produced 
by the skin injections alone. Data on this point are, therefore, omitted from the 
experimental part of this paper. 

EXPERIMENTAL, 

A. Effect of Immune Sera upon the Factors Determining Local Skin 

Reactivity. 

About 16 per cent of rabbits in this series gave no reaction and are 
accordingly omitted from Table I which represents a summary of the 
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neutralization experiments performed according to the techmque 
described above. Reports on the rabbits that died earlier than 3 
hours after the intravenous injection are also omitted for purposes of 
clarity. 

The doses of B- typhosus culture filtrates used for the skin and in- 
travenous injections -were kept approximately constant.* Since some 
of the rabbits showed from time to time positive reactions elicited by 
neutralized mixtures, it was necessary to employ several rabbits for 
each serum tested. Moreover, since high concentrations of serum 


TABLE I. 

N eulralization of B. typhosus Skin-Preparatory Factors by Immune Sera. 


Sera titrated 

Total 
number 
of rabbits 

Number sbowm? neutralization with the 
and dilutions of the latter 

sera; 

Number 
shoising no 

1 neutraliza- 


1:2000 

1:200 

1:100 

1:20 

1:2 

! tioa 

No. 446 

13 

6 

*4 



1 

1 

2 

No. 90 

10 

3 

3 

— 

— 

' — 

4 

No. 59 

10 

2 

4 

— 

1 

1 

2 

Typhoid horse 
senim 

9 


6 

— 

1 

— 

2 

No. 78 


— 

4 

2 

1 

— 

3 

No. 165. Goat 
typhoid serum 

10 




3 

3 i 

4 


Sera 446, 90, 59, 78 and Goat 165 were prepared by immunization with jB. 
typhosus culture filtrates. Tj^phoid horse serum obtained from the JCew York 
Board of Health was prepared by immunization with dead and live B. typhosus. 
In all of these rabbits there was a positive reaction in the control areas. 


occasionally failed to neutralize (prozone?), whereas higher dilutions 
of the same serum and in the same rabbit gave complete neutral- 
ization the use of several dilutions of serum was necessitated. 

The results can be summarized as follows: 

There are two U-pes of response to the injection of mixtures of 
specific sera with the skin-preparatoiy' factors, as demonstrated by 


B. typhosus culture filtrate (see page 600 for preparation) was diluted 1 :2 
for skm injection. 0.25 cc. of filtrate in this dilution represents two minimal 
s .in-_prcparamr>- doses, each of sufT.cient strength to prepare for a severe hemor- 
rhagic necrosis. The intravenous dose was 2 cc. per kilo of bodv weight in no=t 
instances. ' ^ 
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intravenous injections 24 hours later, namely, neutralization of the 
reaction and non-neutralization. Out of a total of 316 tests, there 
were 135 neutralizations by sera in various dilutions and 181 failures 
to neutralize. This brings out the fact that neutralization of B. 
typhosus skin-preparatory factors by specific sera can be induced at 
will in a large proportion of experimental rabbits (about 42.5 percent). 

Varying the site of the injection was without influence on the result. 

After establishing definitely the fact that neutralization of skin- 
preparatory factors by specific sera is possible it appeared desirable 
to analyze the results further in order to determine whether the 
phenomenon could be advantageously used for titrating the neutraliz- 
ing power of specific sera. The data obtained with a given immune 
serum in a large number of rabbits were examined more closely. As 
is seen from Table I, in six rabbits receiving B. typhosus horse serum 
complete neutralization was obtained in dilution of 1:200, in one 
rabbit in dilution 1:20, while in two rabbits there was no neutraliza- 
tion. When analysis of the sort is practiced in connection with the 
other sera it becomes evident that there is a definite variation in the 
response of different rabbits to the skin-preparatoiy effect of serum- 
filtrate mixtures and that the rabbits showing these varying responses 
can be classified under three groups, namely, those which yield 
completely neutralized reactions with the highest dilutions (HN) of 
serum,- those which give rise to completely neutralized reactions only 
with sera in lower dilutions (LN) and those which show non-neutral- 
ized reactions (NN). - ' 

Possibly some non-neutralizable fraction of the culture filtrate to 
which certain rabbits are particularly susceptible may account for the 
occurrence of non-neutralization. Furthermore, it appears from 
Table I that the potency of a given serum bears a mathematical 
ratio to the reactions obtained in the three groups of rabbits. Thus 
if complete neutralization is obtained, for example, in dilution 1 :2000 
in HN rabbits, namely,, in those showing the highest titer of neutrali- 
zation, the titer in LN rabbits is likely to be 1 : 200. In the cases in 

’ In a preliminar}’' report (3) recently published, HN, LN and NN were called 
CN, PN and NN respectively. It is now felt that the nomenclature here sug- 
gested is more satisfactorj'. 
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■which the HN is 1 ;200 the LN titer is only likely to be 1 : 20. More- 
over, the relative numbers of HN, LN and NN rabbits also varies. 

As control to the foregoing the effects of a number of normal sera 
were studied; 

B. Effect of Normal Sera upon the Factors Determining Local 
Skin Reaethity. 

Normal sera from horses, goats and rabbits failed to neutralize the 
skin-preparatory factors in a large percentage of rabbits. It is of 
considerable interest, however, that some of the normal animals whose 


TABLE n. 


Sera titrated 

Total number 
o£ rabbits 

1 Number showing complete neutralization; 

1 and the dilutions of the sera 

Number show- 
' icsr CO ^ 


1:200 

1:20 



Normal horse serum 

17 



— 

■3 

17 

Normal Rabbit 

8 

— 

— 


8 

Serum 353 






Normal Rabbit 

8 

— 

1 

2 

5 

Serum 355 

' 





Normal Rabbit 

3 

— 

— 

— . 

3 

Serum 336 i 




1 


Normal Goat Serum 
16G 

6 



__ 1 

6 


In addition there were several other normal sera not included in this table which 
were tested in 2-3 rabbits, with no neutralization obtained. 

In all of these rabbits there was a positive reaction in the control area. 


serum failed to neutralize the skin-preparatory factors were subse- 
quently injected with B. typhosus culture filtrate and responded with 
the production of neutralizing sera of high titer. 

Table II shows, furthermore, that one normal serum was able to 
neutralize the skin-preparatory factors in low dilutions. It is seen, 
however, that this normal serum contained a fairly high titer of 
agglutinins against B. typhosus (Table I\0* Furthermore"^ those sera 
which failed to neutmlize the skin-preparatoiy^ factors contained no 
agglutinins or predpitins. Again, some sera which contained agglu- 
tinins failed to neutralize skin-preparatorv factors. ^ 
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TABLE III. 

The EJfcct oj Heterologous Sera upon the B. typhosus Skin-Preparatory Factors, 


Sera titrated 

Total number 
of rabbits 

Number showing complete ncutraliza> 
tion; and the dilutions of the sera 

Number show- 
ing no 

neutralization 



1:200 

1:20 

1:2 

Paratyphosus A rabbit serum 

8 

2 

1 

2 

3 

Paratyphosus B rabbit serum 

8 

3 

1 1 

— 

4 

B. coli rabbit serum 

10 



— 

10 

Shiga bacillus horse serum 

JO 

— 

— 

— 

10 

Flexner bacillus rabbit 

JO 

— 

— 

— 

' 10 

serum 






Mt. Desert bacillus rabbit 

8 

— 

— 

1 

8 

serum 






B. avietda rabbit serum 

9 

— 

— 

— 

p 

Scarlet fever antitoxin 

8 

— 

— 

— 

8 


In all of these rabbits there was a positive reaction in the control area. 


TABLE TV. 


Agglutination of B. typhosus by Various Sera. 


Degree of agglutination with various dilutions of sera 
and a constant amount of B. typhosus suspension 


Sera tested 


00 

O 

rrt 


OO 

cs 


1:1024 

00 

fN 

O 

fW 

»o 

O 









Serum 44*6 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 



Serum 59 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

NT 

OT 

Serum 78 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

3+ 

3+ 

NT 

NT 

Serum 90 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 


Goat typhoid serum 

4+ 

4+ 

4+ 

4+ 

4+ 

3+ 

2+ 

1+ 

— 


^B 

Paratyphosus A rabbit serum 

4+ 

4+ 

4+ 

4+ 

4+ 

3+ 

2+ 

1+ 

— 



Paratyphosus B rabbit serum 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

2+ 

— 



^B 

B. coli rabbit serum 

4+ 

'4+ 

!4+ 

14+ 


B 

— 

— 

— 


^B 

Shiga horse serum 

— 

1 _ 

— 

1 __ 


B 

1 

1 __ 

— 

^B 

^B 

Flexner rabbit serum 

4+ 

14+ 

4+ 

3+ 


B 

i 

1 — 


^B 

^B 

Mt. Desert rabbit serum 

4+ 

4+ 

4+ 

2+ 

1+1 

B 


— 

— 

^B 

^B 

Avicida rabbit serum 

4+ 

4+ 

4+ 

4+ 

sa 

— 

— 

— 




NRS 336 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

NT 

NT 

NGS 166 

m 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

NT 

NT 

NT 

NRS 353 

4+ 

4+ 

4+ 

4+ 

2+ 

— 

— 

- 

B 

B 

B 

NRS 355 

— 

— 

4+ 

4+ 

4+ 

4+ 

3+ 

2+ 

H 

B 

B 

Normal horse serum 

4+ 

4+ 

4+ 

4+ 

— 

— 

— 

H 

H 

m 

9 


— , negative. 

Degree of agglutination recorded in pluses. 





























GREGORY SHWARTZMAN 


599 


All these facts indicate that nonnal sera contain no neutralizing 
antibodies against the skin-preparatory factors unless they also con- 
tain agglutinins against B. lyphostts. Conversely, however, the 
presence of agglutinins does not necessarily indicate that the serum 
possesses neutralizing antibodies against the skin-preparatoiy factors* 


TABLE V. 

Precipitalion of Various Sera by B. typhosus Culture Filtrate. 


Sen tested 


D^rec of predpiution with \’arious dilutions of sera 
and a conslaot amount of T* filtrate (undiluted) 



191 

■g 

19 

m 

EBi 

jm 



1:512 

TjTilioid horse serum 

4-f 

4-f 

3-f 

3+ 

2-f 

1-f 

— 

— 

— 

Serum 446 

4+ 

4+ 

4-f 

3-f 

3-f 

2-f 

2-f 

I-f 

— 

Serum 59 

2-1- 

2+ 

1 + 

1+ 

- 

— 

, — 

— 

— 

Serum 78 

4+ 

4-f 

4-f 

3-f 

2-f 

— 

' — 

— 

— 

Serum 90 

4-h 

4-f 

4-f 

2-f 

1-f 

- 

— 

— 

— 

(joat tj'phoid 165 serum 

2+ 

2-f 

1 + 

- 

- 

— 

— 

— 

— 

Paralyphosits A rabbit serum 

4-f 

4-f 

4-f 

4-f 

4-f 

3-f 

2-f 

1-f 

— 

FoTolyphosus B rabbit serum 

i 4-f 

4-f 

2-f 

1-f 

— 

— 

: — 

— 

— 

Coli rabbit serum 

. — 

— 

— 

— 

— 

— 

— 

— 

— 

Shiga horse serum 

1 — 

- 

1 1+ 

1-f 


, - 

! ~ 

— 

— 

Flexner rabbit serum 

3-f 

2-f 

1+ 

— 

— 

1 _ 

— 

1 ^ 

! 

AtXLs X^CoCiL lillJIJlL bwIUXU* 

Avicida rabbit serum 

— 

_ 1 

— 







! 


NRS 336 

— i 

— 

— 

— 

— 

— i 

— 

— 

— 

Normal Goat Serum 166 

2-f 

1-f 

1-f 

— i 

— 

— 

— 

— 

— 

NRS 353 

— 

— 

— 

. 

— 

— 



— 



NRS 335 

— 

— 

— 

— 

— 








Normal horse serum 

— 

— 

— 

— 

— 

- 

- 

— 

— 


C. Effect of Heterologous Sera upon the Factors Determining Local Skin 

Reactivity. 

A niunber of heterologous sera were also employed for neutralization 
experiments (Tables 111 and IV). Only sera strongly agglutinating 
their homologous strains were used in this part of the -work. 

Scarlet fever, erysipelas, B. coli, Shiga bacillus, Flexner bacillus, 
Mt. Desert bacillus and B. avicida sera produce no neutralization of 
the B. typhosus skin-preparatory factors (Table III), in spite of the 
fact that some of the sera contained agglutinins against B. typhosus 
(Table RO* The closely allied sera (Para A and B) were able to 
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neutralize the B. typhos7is skin-preparatory factors in various propor- 
tions and, as would be expected, agglutinated B. typhosus in a fairly 
high titer. The rabbits employed in these experiments can also be 
divided into three groups, namely, those showing neutralization in 
highest dilutions (HN), those showing complete neutralization only in 
lower dilutions (LN) and those showing no neutralization (NN). 

The question arises whether the typhosus sldn-preparatoiy factors 
are the same as those of Para A and B, or are only closely related. 
This problem cannot as yet be decided. 

The following scheme is tentatively propose'd for the preparation of 
toxic filtrate and the titration of serum: 

200 cc. of tryptic digest broth (2) of initial pH 7.8 are poured to a "2000 cc.’^ 
Erlenmeyer flask in order to obtain a large surface area. The entire growth of one 
24 hour old agar slant culture of B. typhosus (Tl)^ is suspended in about 10 cc. of 
salt solution and tlie emulsion is added to the contents of the Erlenmeyer flask. 
The period of incubation is 6 days. The culture is then filtered through paper and 
cotton and, fiinall}^, through a Berkefeld V candle. The filtrate is tested for 
sterility, stored in the refrigerator and used for a period of 2-3 weeks following its 
preparation. No preservative is added. 

For neutralization experiments 0.25 cc. of a mixture of equal parts of filtrate 
and saline, or of serum^ already diluted to the desired degree, is injected into 
various areas of the skin of the rabbit’s abdomen, by means of the technique 
described on page 594. The interval between the skin and intravenous injections 
should be exactly 24 hours. This is very important (1) to obtain uniform results. 
Both the size and intensity of tlie reactions should be recorded. A variation in 
the size of the reaction within small limits can be disregarded. The intensity of the 
reaction is an important and reliable indication of the degree of neutralization. 
It may be recorded in pluses. Occasionally, discolored punctiform reactions are 
obtained. They should be protocolled as such. There should be obtained not 
less than ten rabbits showing control positive reactions with the mixture of the 
filtrate with salt solution. 

The following schematic formula has been found useful in recording the varying 
factors obtained in a t3»pical serum titration: HN62000, LN42OO, LNi20, NN3. 


^ The strain of B. typhosus employed in this laboratory is designated Tr,. 

^ The majority of tlie sera were prepared by injecting filtrates into rabbits and 
goats. Some sera were obtained by injecting dead and live microorganisms, for 
example typhoid horse serum and some heterologous sera employed in experiments 
described before. It seems that the presence of intact bacterial cells in the 
antigens injected is not essential for the production of the above described 
antibodies, since sera of even higher titer were obtained by means of filtrates 
alone. Additional experiments are necessary. 
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This indicates that 6 rabbits showed complete neutralization vd\h serum diluted 
1:2000, 4 rabbits showed complete neutralization with serum diluted 1:200, 1 
rabbit *with serum diluted 1:20 and 2 rabbits showed no neutralization. For 
practical purposes the highest dilution of the serum which gives complete neutrali- 
zation of the B, typhosus skin-preparatory factors (HN titer) should be taken as 
the actual titer of the serum. In the example oted, 1:2000 would be considered 
the titer. 

SUMMARY AND CONCLUSIONS. 

It is shown in this paper that homologous immune sera are able to 
neutralize the B. typhosus skin-preparatory factors. The neutraliza- 
tion experiments were performed on a large number of rabbits, at least 
ten rabbits which showed positive control reactions being used for the 
titration of each serum. The rabbits into which the mixtures of B, 
typhosus culture filtrates with immune sera were injected can be 
divided into the following categories: those showing complete neutrali- 
zation in highest dilutions (HN), those showing complete neutraliza- 
tion only in lower dilutions (LN) and those showing no neutralization 
(NN). The results indicate that the potency of a given serum as 
measured by the method outlined above has a direct relation to the 
reactions obtained in these grdups of rabbits. For practical purposes 
the highest dilution of the serum which gives complete neutralization 
of the B- typhosus skin-preparatory factors (HN titer) may be taken as 
the actual titer of the serum as expressed in terms of their neutraliza- 
tion. 

» The occurrence of a phenomenon sugge'^tive of the prozone reaction 
is demonstrated. It also appears that the filtrates possess an anti- 
genicity equal to that of dead and live bacteria. 

• The studies on normal sera bring out the fact that normal sera fail 
to neutralize the B. typhosus skin-preparatory factors unless agglu- 
tinins can be demonstrated for JB. typhosus. No normal sera have 
thus far been obtained which neutralized the skin-preparatory factors 
yet contained no B. typhosus agglutinins, but there were sera which 
contained these agglutinins but failed to neutralize the skin-prepara- 
tory factors. Some of the normal animals whose sera failed to 
neutralize the skin-preparatory factors were subsequently injected 
with B. typhosus culture filtrate and responded with neutralizincr sera 
of high titer. ^ 
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Several heterologous sera were also investigated namely, scarlet 
fever, erysipelas, Shiga bacillus, Flexner bacillus, Mt. Desert bacillus, 
B. coli and B. avicida. These did not neutralize the B. lypJiosus 
skin-preparatory factors. 

BaratypJiosus A and B sera on the other hand produced neutraliza- 
tion in various proportions. And the rabbits into which the serum- 
filtrate mixtures were injected could also be divided according to the 
results obtained into vthe same three groups as those with B. typhosus 
sera. It is not known yet whether this neutralization is a group 
reaction or whether the skin-preparatory factors are identical with 
those of B. typhosus. 

It would appear from these studies that a method is available for 
the quantitative titration of substances in the serum which neutralize 
the skin-preparatory factors of local skin reactivity to B. typhosus 
culture filtrates. It should be emphasized that it is possible to control 
the individual susceptibility of rabbits to this phenomenon. The 
method should permit of considerable accuracy in the quantitative 
titration of the neutralizing properties of a serum when a standardized 
procedure is developed. 

Experiments are under way to determine whether the method can 
be applied to the preparation of therapeutic sera. Work is also in 
progress to determine the effect of specific antisera upon B. typhosus 
skin-reacting factors introduced by the intravenous route. 
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INTRODUCTIOK. 

The changes which occur in the chloride concentration of the blood 
and in chloride elimination in the urine in pneumonia have been much 
studied. No attempt will be made here to review the literature 
completely. References may be found in the work of Hutchison (1), 
von Hdsslin (2), IMaver and Schwartz (3), and Peabody (4); more 
recently in the studies of Haden (5), Peters, Bulger, Eisenman, and 
Lee (6), and Simderman, Austin, and Camac (7). The se'rum chlorides 
are greatly reduced and in spite of numerous investigations no agree- 
ment has been reached as to the cause therefor, nor has tissue analysis 
succeeded in revealing whither the lost chlorides disappear. 

The fact that the blood chloride level is lowered in some other acute 
infectious diseases besides pneumonia has led to the suggestion that 
fever is in some manner responsible for the change (8, 9). Others 
have attributed it to the chemical changes resulting from protein 
destruction analogous to the chloride loss which occurs in intestinal 
obstruction (10), extensive bums (11), or after injections of histamine 
(12). The suggestion has been made that the reduction in chlorides 
is related to anoxemia (13). 

The complexity of the situation in pneumonia with the concomitant 
occurrence of fever, tissue autolysis, and anoxemia makes an analysis 
of the problem e.xceedingly puzzling. For this reason we have at- 
tempted a simplification of it by experiments in animals with the hope 
of discovering whether changes in the environment, internal or 
external, would result in a diminution in the blood chlorides. Jlost 
of our experiments yielded negative results. 
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TABLE I. 

The EJJcct of Expcrimcnlal Pucumococcits Infection on the Seram Chlorides of Dogs, 


Dog No, 

Date 

Time 

Scrum chlorides 
per liter 

Body 

temperature 

4 

2/16/28 

11:30 a.ra. 

Trtj/ 

111.6 

•c. 



11;45 a.m. inoculated by in- 
trabronchial insufflation 




2/16/28 

4:35 p,ni. 

110.0 



2/17/28 

11:00 a.m. 

Survived 

110.0 


5 

2/18/28 

10:25 a.m. 

107.3 




11:00 a.m. inoculated by in- 
trabronchial insufflation 




2/20/28 

11:25 a.m. 

105.8 


1 

2/21/28 

4:28 p.m. 

Survived 

113.0 


6 

2/18/28 

10:50 a.m. 

110.3 




11:30 a.m, inoculated by in- 
trabronchial insufflation 

1 


1 

2/20/28 

11:30 a.m. 

i 

1 102.6 



2/21/28 

4:28 p.m. 

Survived 

112.2 


7 

2/23/28 

3:25 p.m. 

114.6 




3:30 p.m. injected tons- 
pleu rally 




2/24/28 

3:00 (?) p.m. 

108.6 



2/25/28 

11:30 a.m. 

109.5 

39.7 


2/27/28 

Died 
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Dog No, 

Date 

Time 

Scnim chlorides 
per liter 

Body 

lempcTatme 

8 

2/23/28 

3:45 p.m. 


rtu 

110.1 

-c. 



3:50 p.m. injected 
pleurally 

trans- 




1 2/24/28 



107.5 

40.2 


2/25/28 ' 

11:30 a.m. 


103,6 

40.1 


2/27/28 

4:45 p.m. 


97.6 

40.5 


2/28/28 



100.2 

38.7 


2/29/28 



103.9 

39.3 


3/ 6/28 

1:30 p-m. 

Survived 


107.6 

38.4 


EXPERIMENTAL. 

J. Blood Chlorides in Bogs before and after Pneimococciis Infection. 

In three dogs, Kos. 4, 5, and 6, Table I, cultures of mouse-virulent pneumocoed 
\ 9 ere insufflated intrabronchially according to the method of Lamar and Meltzer 
(14) . The chloTides of the serum rvere analyzed by the method of Van Slyke (15) 
before inoculation and at intervals thereafter. None of the dogs reacted very 
severely to the injection and none developed a real pneumonia consolidation. In 
only one (No. 6) vras there a chloride drop vrhich appeared to be significant, 
amoimting to 6.8 per cent in 48 hours. 

In two dogs the pneumococcus cultures were injected transpleurally, resulting 
in one instance in death with a copious pleural exudate. The exudate gave a 
pure pneumococcus culture of the t>pe injected. This dog (No. 7, Table I) 
showed a chloride drop amounting to approximately 5 per cent. The companion 
dog (No. 8, Table I), which survived the injection, showed a still greater reduction, 
reaching 11 per cent after 4 days. 

It seems true, then, that a pneumococcus infection in dogs even 
•without a pneumonic lesion may result in a lowering of blood chlorides. 
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IL The hiJJncucc of Fasting. 

To control the effect of loss of appetite and consequent fasting in the 
infected animals, food was withheld from two normal dogs for a period 
of 5 days. Water was withheld only during the last 24 hours of the 
fasting period. The diminution in serum chloride concentration in 
one dog (No. 9) amounted to little more than 1 millimol per liter; 
from 112.5 to 111.1. The second animal (Dog. 10) showed a drop of 
3.5 millimols, from 113.0 to 109.5. This does not correspond in order of 
magnitude to the change which may occur in pneumococcus infection. 

III. The Factor of Anoxemia. 

Five patients suffering from pneumonia, in whom arterial blood 
analysis demonstrated the presence of anoxemia associated with a 
reduced chloride concentration did not furnish evidence of a restora- 
tion of the chlorides to their normal levels when the anoxemia was 
relieved by placing the patients in an oxj^gen chamber. Tliis led us 
to believe that the chloride loss was probably not related to o.xj’-gen 
want, as has been suggested (13). Nevertheless, to settle the point 
we produced a condition of acute anoxemia in a dog anesthetized by 
the intravenous injection of barbital-sodium. 

The animal was tracheotomized and allowed to breathe, first room air, then a 
mixture containing 10 per cent oxygen and 90 per cent nitrogen, and finally, after 
breathing this mixture for 1 hour, room air was supplied instead. The arterial 
blood was analyzed for its oxygen and chloride content. During tlie hour of 
breathing the ox}'gen-poor gas mixture the per cent saturation fell from 88.8 to 
59.4, whereas the chlorides fell 2 millimols. On readministering room air tlie per 
cent saturation rose to 91.4 and the chloride concentration increased onlj’ 0.7 
millimol, as shown in Table II. 

It can be concluded that acute anoxemia e.xperimentally produced 
is not associated with any considerable alteration in the serum chloride 
level. 

IV. The Effect of Tissue Destruction. 

The possible relation between the presence in the body of products 
of tissue destruction and the reduction in serum chlorides has been 
mentioned. In this connection we recalled the .chloride loss which 
occurs in association with intestinal obstruction (10), extensive skin 
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bums (11), and after histamine injection (12). The pneumonic 
process in the lung ma}", perhaps, represent another such process of 
tissue autolysis. To simulate such a reaction, we resorted to two 
methods; burning the skin and the production of experimental shock 


TABLE n. 

The Effect of ExpcrimeiUal Atioxcmta on (he Scrum Chlorides of Dogs. 


liine 

Procedure 

Gas breathed 

Arterial 

1 Ch conical 

Arterial 
blo^ Gb 

1 capacity 

1 Oiygeo 

j saturation 

Scram 
chlorides 
per liter 

11:29 

1 hr. after an- 

Air 

1 

rxv 

9.14 

«jfcf 

10.77 

1 

fer cent 

84,4 

1 nit 

108.3 

12:09 

1:20 

esth^sia 

Tracheotomy 

i 

Air 

9.80 

11.03 

88.8 

105.5 

1:21 1 
2:21 


10% Oj 
10% 02 

6.72 

11.32 

59.4 

103.5 

2:25 

3:20 


Room air 
Room air I 

9.78 i 

10.70 

91.4 

104.2 


TABLE m. 


The Effect on Serum Chlorides Produced hy Clamping the Abdominal Aorta. 


Time 

Procedure 

1 Serum chlorides per liter 



' tnit 

10:00-10:30 

Anesthetized vrith barbital-sodium 


12:31 


1 109.5 

1:17-2:24 

laparotomy; loose ligature about ab- 
dominal aorta; abdomen closed 


2:24 

106.5 

2:30 

Aorta damped 


4:00 

Clamp released 


4:15 

111.5 

4:4S 


106.6 


through, muscle anemia or muscle trauma (16), thinking that this 
might liberate a histamine-like substance and result in a chloride 
drop. 

In one anima], Table III, under barbital anesthesia, the abdominal aorta was 
cJamped lor 1} hours and blood was drawn for chloride anal>-sis 15 minutes and 
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45 minutes after releasing tlie clamp. There was a slightriscinchloride concentra- 
tion in the IS minute sample, whidi fell again after 45 minutes to tlic level pre- 
vailing immediately before clamping. In anotlier deeply anesthetized dog tlie leg 
muscles were crushed but the cliloride concentration remained practical!}' constant 
for 4 hours following the operation. The ma.vimum drop was 1,1 millimols, 

Davidson (11) has shown that in human beings extensive, skin 
burns may be accompanied by a disappearance of the urinar}' chlorides 
and a marked drop in the level of the serum chlorides. In our e.x- 
periments the skin of one animal under anesthesia with a large dose of 
barbital was extensively burned on both sides of the thorax. A 
little over an hour after the burn the serum chlorides had fallen 2.6 
millimols. This level was maintained for the subsequent 12 hours. 

F, The Ejffcct of Anaphylactic Shock. 

The relationsliip which is believed to exist betw'een some acute 
infectious processes such as rheumatic fever, in which low' serum 
chlorides may be found, and allergic states (17) led us to try the effect 
of anaphylactic shock on the serum chloride level, 

A dog was sensitized according to the method described by Weil and Torrey 
(18) by the subcutaneous injection of 5 cc. of sterile horse serum. Immediately 
before injection a sample of venous blood was drawn for chloride analysis. The 
concentration was 106.1 millimols per liter. 19 days later another blood sample 
was drawn, which showed 104.4 millimols per liter. The dog was then given 20 
cc. of horse serum intravenously. Within minutes it manifested the Upica! 
symptoms of acute anaphylaxis. 30 minutes after the injection while anaphylactic 
symptoms were stiU present a sample of blood drawn by cardiac puncture showed a 
slight rise in chloride concentration to 107.1 millimols. Two more specimens of 
blood, taken 2 hours and 5J hours after the serum dose, showed the chloride level 
to be respectively 105.4 and 110 millimols per liter. Since the original level lay 
between 106.1 and 104.4, it cannot be said that an}' reduction had occurred. 

VI. The Effect of Experimental Lencocytosis. 

To see whether the low serum cliloride concentration w'as, perhaps, 
related to the mobilization of the w'hite blood corpuscles, an artificial 
leucocytosis was induced in a dog by the intramuscular injection of 5 
gm. of sodium nucleinate dissolved in 40 cc. of distilled water. 

At 11:45 a.m. the dog’s leucocyte count was 10,500 per c. nim., tlie cliloride 
concentration was 109.0 millimols per liter. The animal’s rectal temperature was 
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39.3°C. At 12:30 the sodium nucleinate was injected. 2 hours later the am'mal 
looked ill, the temperature ha^ng risen to 40.4°C. 5J hours after injection the 
white count had more than doubled, 26,200, and the next morning it was 22,600. 
At this time the temperature was 39.6°C. and the animal looked well. The 
chloride concentration was 108.1 millimols per liter. The next day the chloride 
concentration was 110.3 millimols. 

Experimental leucocytosis from sodium nudeinate injection did not 
elicit any change in the senun chloride level. 

VII. The Influence of Fcser. 

The simultaneous occurrence of low serum chlorides and an elevation 
of body temperature has already been referred to. It has been sug- 
gested by some investigators that the reduction in chlorides is, indeed, 
the result of the febrile state (18) . Haldane’s interesting observations 
on the water poisoning of miners is a related phenomenon (19). 
Apparently in this condition the exposure to high atmospheric tem- 
peratures results in so much loss of chloride in the sweat that chloride 
elimination in the urine may be entirely suspended. The great con- 
siunption of water by the thirsty miners so imbalances the ionic equi- 
Ubrium in their blood that serious symptoms may result. Haldane 
found that the symptoms could be averted by allowing the min ers to 
drink a h per cent solution of sodium chloride. It is unlikely that 
any such vicarious chloride loss occurs in pneumonia. Exddence 
points to the retention of chlorides in the tissues rather than to an 
increased elimination through portals other than the kidney. The 
suggestion that the reduction in chlorides is the result of blood dilu- 
tion awaits experimental proof. Such a suggestion is, however, 
consistent with the hydremia which is said to occur during elevation of 
body temperature. 

To produce fever in animals, we used two methods: the intra- 
venous injection of methylene blue (20); and the application of the 
so called diathermy current to the body (21). Both result in a rapid 
rise of body temperature. The second method has the advantage of 
permittmg the degree and rate of the rise to be accurately controlled. 
Eeither method produced a drop m the serum chloride level. 

_ A male mongrel weighing 11.2 kilos was anesthetized by the intravenous 
injection of barbital-sodium. IMien completely insensitive, the right femoral 



TABLE IV. 

The Effect of Heat and Water Ingestion on Serum Chlorides and Their Relation to Serum Water Content and 

Chloride Output, 
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Water 250 cc. 
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artery and left femoral veins were cannulated. A sample of arterial blood was 
withdrawn for chloride analysis. This showed a concentration of 107.6 millimols 
per liter. A 5 per cent solution of metliylene blue in distilled water was then 
slowly infused, 18 cc. being given in appro.ximatcly 2 hours. During tin’s interval 
the temperature rose from 38.4°C. to 40.3°C. Witliin the next 2 hours it rose 
anotiier 3°C. Blood drawn at the end of tJjc c.vperimcntal period after a tem- 
perature of 40-43°C. had been maintained for over 2 hours showed no drop in 
cliloride concentration, which remained at 108.9 millimols per liter. 

Experiments of a similar character in which elevation of body tem- 
perature was produced by diathermy gave similar results. Serum was 
analyzed for chlorides by the method of Van Slyke (15), for total base 
by the method of Van Slyke, Hiller, and Berthelsen (22), and for water 
content by drying at 110°C. to constant weight. The results are 
shown in Table IV. 

Dogs 22, 23, 24, and 27, Table IV, were anesthetized with barbital-sodium, the 
femoral artery was cannulated, and diathermy applied to tlie thorax. Although 
there ^vas a rise in temperature in each case, varying from 1,3-4.5°C., the serum 
chlorides w^ere unchanged except in No. 24, in which case they rose 4 millimols per 
liter. When these same animals w^ere given large volumes of w^ater b}'' stomach 
tube, witli continuation of diathermy, the serum clilorides dropped in one animal 
(No. 22, Table I\0 much as 7 millimols per liter in an hour. When the volume 
of water given was less than the equivalent of the blood volume of the animal 
the serum clilorides show^ed no significant change, as in No. 23, which showed a 
drop of only 0.6 millimol per liter, 'When w’ater w^as given an hour before the 
diatherm}^ as in No, 25, the serum chlorides fell 7.2 millimols per liter as a result 
of the water alone. After diathermy there w’as a further decrease of only 0.4 
millimol. After the administration of another liter of water tlie serum clilorides 
fell 4.2 millimols. The serum w^ater content in these experiments generally showed 
a rise when the chlorides fell. 

These experiments seem to point to the conclusion that the drop in 
serum chlorides is due entirely to the dilution of the serum by the water 
administered, and heat itself is without effect. 

The effect of water ingestion on serum clilorides has been in- 
vestigated by Underhill and SaUick (23), They found a drop in 
chlorides after ingestion of large volumes of water, equivalent to 8 
times the blood volume of the dogs. They demonstrated a blood 
dilution by a fall in the hemoglobin. They attributed the fall in 
serum chlorides to increased cliloride excretion. 

We performed two dilution experiments. 



613 


BINGER, CHRISTIE, DAVIS, AOT HILLER 

In No. 26A, Table W, the dog n-as given 1 liter of water without diathermy. 
In an hour the serum chlorides feU 8 millimols per liter, the serum total base fell 
7.2 miliimols per liter, and the water content of the serum increased in amount 
proportional to the decrease of chlorides and base. In No. 26B, Table IV, Ae 
same experiment was repeated with similar results, then diathermy n as applied 
with only slight further changes in serum chlorides and water content, and the 
total base continued to drop, then rose sli^tly during the process oi cooling. 

The amount of chlorides eliminated by the kidneys during the experiments 
was in most cases less than 1 millunol, so that the drop in serum chlorides could 
not be accounted for by excretion. In two cases, Nos. 22 and 25, Table IV , when 
the excretion was greater than this, it still did not account for the change in the 
serum. In No. 22, when the excretion of chlorides was 5.56 millimob in an hour, 
the serum chlorides showed no change during diathermy, whereas when water was 
given the serum chlorides fell 7 millimols per liter with only 0.19 millimol excreted. 

DISCUSSION. 

The object of this research was to find an experimental procedure 
analogous, if possible, to the one which operates spontaneously in 
pneumonia by which the chloride level in the dog’s serum could be 
rapidly lowered for the purpose of studying both the mechanism and 
the effect of a lowered chloride level. None of the methods that were 
tried resulted in a chloride change which we could regard as significant. 
The only exceptions to this statement were the cases of experimental 
pneumococcus mfection in dogs. In these cases two animals showed a 
change apparently of the same order of magnitude as is seen in the 
blood following the ingestion oha large volume of water. This change 
was due, we believe, to blood dilution, and did not appear to be 
influenced by the temperature of the animal. Despite the negative 
character of our experimental results, we present them because of the 
perplexity and confusion of the problem. 

simiAiiY and conclusions. 

Attempts have been made in dogs to lower the serum chlorides by 
means of various procedures. Of these the withholding of food, 
anoxemia, tissue destruction, anaphylactic shock, leucocytosis, and 
fever yielded negative results. Ingestion of large amounts of water 
low'ered the chloride level independently of body temperature. The 
chloride ^op under these circumstances could not be accounted for 
by excretion and appeared to run parallel with an increase in the serum 
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water content. Experimental pneumococcus infection in two animals 
reduced the serum chloride concentration. 
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REACTIONS OF RABBITS TO NON-HEMOLYTIC 
STREPTOCOCCI. 


I. General Totercoun-Like Hypersensiitveness, Allergy, or 
Hyperergy Following the Second.^y Reaction. 

By C. L. DERICK, M.D., and HOMER F. SWIFT, M.D, 

{From the Hospital of The Rockefeller Institute for Medical Research,) 

(Received for publication, December 27, 1928.) 

INTRODUCTION. 

In previous communications (1) w’e reported the phenomenon of 
secondary reaction to certain strains of green streptococci. Briefly 
this consists of an inflammatory reaction w-Mch appears about the 
8th to 10th day after intracutaneous inoculation of rabbits with these 
microorganisms and at a time after the primal}’' reaction has receded. 
Because we were imable to obtain the reaction in any species of animal 
except the rabbit it was thought that it might be a h3^ersensitive reac- 
tion of the nature of the Arthus phenomenon; but a number of experi- 
ments designed to test this hypothesis failed to prove it (2) . As many 
features of the secondary reaction recalled certain points in the type of 
allergy seen in tuberculous infection attempts were made to determine 
whether it might not represent an allergic reaction of this type. The 
object of this communication is to present the detailed evidence which 
indicates that after the development of the secondary reaction the 
animals have a type of hypersensitiveness which closely resembles so 
called tuberculin allergy. 


Methods, 

The tests used to prove that an animal was hypersensitive have been 
three: ophthalmic, cutaneous and lethal. The first two of these have 
proven the most useful because they could be repeatedly applied to the 
same animal and thus variations in its allergic state be roughlv esti- 
mated. ^ 
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Ophihalmic Reaction . — The reactivity of tlic eye was tested as follows: The eye 
was ancsUictizcd by instilling a drop of 10 per cent cocaine into the conjunctival 
sac. After 5 minutes the upper quadrant of the cornea was lightly scarified 
with tlie point of a very sharp iridectomy knife so that two or three very super- 
ficial abrasions passed from tlic center of tlic cornea, upwards to within 2 or 3 
mm. of tlie sclerocomcal junction; but care was taken not to touch the sclera. 
Then a drop of bacterial sediment was placed in the conjunctival sac with a 
pipette and the lid rubbed over the surface of the eyeball a few times. The bac- 
terial sediment was a centrifugate of an 18-hour blood brotli culture. 

In a normal rabbit such an inoculation was followed by very little reaction; 
usually notliing could be seen except a very slight gray streak at the site of 
scarification. Occasionally there was slight injection of the ocular conjunctiva 
for a few millimeters above the sclerocomcal junction, which sometimes persisted 
for 48 hours, but as a rule, when present, disappeared after 1 day. 

In an animal in which a secondary reaction had been induced by several fair 
sized intracutaneous inoculations of green streptococci an entirely'' different 
reaction to comeal inoculation often occurred. The day following inoculation 
there was a distinct injection of the scleral conjunctiva in tlie upper quadrant; 
this increased in intensit}'' for 2 to 4 days, and at times was so marked tliat the 
white appearance of the sclera was practically obliterated. In marked reactions 
tliere was distinct congestion of tlie palpebral conjunctiva of tlie upper lid, and 
with the most intense reactions distinct edema of this conjunctiva. Simultane- 
ously turbidity of tlie upper quadrant of the cornea often appeared. This at 
first was seen along the lines of scarification but later usually involved the whole 
quadrant; in very severe reactions it involved the whole upper half and even 
extended to tlie lower half of the cornea. Usuall 3 % however, when well developed 
it was most intense near the sclerocorneal junction on either side of the scarifica- 
tion, and diminished in intensity towards tlie center of the cornea. At times 
comeal turbidity did not appear for 2 or 3 da^^s. The turbidity persisted for 
varying periods according to the degree of hy^iersensitiveness of tlie animal. 
Wien slight it was present for only 2 or 3 days; when marked it lasted for 10 to 
15 days. Diminution in corneal turbidity was usually preceded by decrease in 
the conjunctival congestion. Then gradually the opacity of the cornea diminished 
until macroscopically only a faint scar remained at the site of instrumental 
traumatization. Before tliis occurred, however, a distinct vascular reaction was 
observed. A day or two after the appearance of turbidity loops of small blood 
vessels appeared at the upper pole of the cornea and gradually grew downwards 
towards its center, most marked along line of scarification. This pannus 
was usually grossly visible for 1 to 3 days after corneal turbidity had diminished. 

If the rabbit remained hypersensitive and 1 or 2 months later tlie cornea was 
similarly scarified in another quadrant and reinoculated these loops of vessels in 
the upper quadrant became more quickly visible than following the first inocula- 
tion; they also appeared earlier than the pannus at the site of the second corneal 
inoculation. This demonstrates that altliough tlie vessels could no longer be 
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seen with the unaided eye they probably remained latent but ready to function 
when injury’' was inflicted on the eye later. Sumlar vascular latencj uas de- 
scribed by Lewis and T^Iontgomer}^ (3) in tuberculous infecUon of rabbits’ eyes. 
Some injection of the upper portion of the iris was sometimes seen early, but if 
reaction of the iris was a feature of the process it was masked by the clouding 
of the overlajing cornea. Gross outpouring of exudative cells into the aqueous 
humor to the extent that it became turbid practically never occurred. 

In the presence of the most severe reactions there was some mucopurulent 
secretion in the conjunctival sac, occasionally so abundant that it glued the lids 
together. Films of this e.xudate showed an admixture of pus cells and a few 
desquamated epithelial cells of conjunctival origin; but bacteria were never 
recognizable. Cultures of the conjunctival secretion and mucopurulent exudate 
uniformly failed to demonstrate viable streptococci. 

These reactions resembled those severe lesions induced in tubercu- 
lous animals by the instillation of tuberculin into the conjunctival sac, 
and recalled some of the severe reactions seen in tuberculous patients 
at the time when Calmette’s reaction was widely used. The interesting 
pdint is that green streptococci are so innocuous, relatively speaking,, 
when applied in this manner to a normal rabbit’s eye, yet set up such 
severe inflammatory reactions in the eyes of animals which have been 
h)q)ersensitive. Naturally the intensity of the response varied within 
fairly wide limits, doubtless due to varydng degrees of the general state 
of hypersensitiveness of the animals. Detailed evidence concerning 
this point will be given later. It may be stated here, however, that 
control hypersensitive animals tested in the same manner with plain 
broth never gave a positive eye reaction. 

Lethal Reaction . — It was early noted that after a rabbit had shown a 
secondary reaction attempts to immunize it by intravenous injection of 
homologous streptococci in doses well tolerated by normal rabbits often 
resulted fatally. The deaths occurred between 18 and 48 hours follow- 
ing inoculation. Autopsy revealed a fairly constant gross alteration in 
certain organs; the l)rmph nodes were much enlarged and showed both 
over their surfaces and throughout their substance many hemorrhagic 
areas from pin-point to 1 or 2 mm. in diameter. The lymphatic tissue 
of the intestines was swollen and often showed hemorrhages. The 
th>mus was enlarged from a normal of about 1 gm. to 3 or 4 gm. in 
weight, had a reddish gray edematous appearance and was filled with 
red punctate areas similar to those seen in the lymph nodes. The 
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marrow in the shafts of the long bones had a similar hemorrhagic ap- 
pearance. Wliile it was evident that the tissues of the hematopoietic 
system suffered severely in this reaction, the spleen, as a rule, did not 
show much gross evidence of damage. Although at times small focal 
hemorrhages were seen in the pericardium, endocardium and myocar- 
dium, visceral hemorrhages were rare compared with the frequency 
of those in the lymphatic tissues. 

After the lethal test was applied more systematically it was noted 
that animals would sometimes appear very sick for 24 or 48 hours and 
then recover. If these animals were chlorofonned on the 3rd or 4th 
day, similar, but less intense, gross pathological changes were seen. 
Normal rabbits and most animals that had not shown secondary reac- 
tions, on the other hand, manifested little, if any, clinical reaction to 
the usual test dose of streptococci, f.e., the centrifugate of 4 cc, of broth 
culture per kilo body weight given intravenously, and if sacrificed 
the 3rd or 4th day by chloroforming, had little if any gross alteration 
of their lymphatic system. Occasionally animals wliich had pre- 
viously failed to show secondary reactions at the site of their primary 
inoculations, succumbed to intravenous inoculation and showed 
characteristic postmortem alterations. The correlation of this lethal 
reaction with secondary reactions will be shown later. 

Ciitaneoiis Reaction . — Still another evidence of the altered reactivity 
of rabbits was furnished by reinoculating the skin with small doses of 
bacteria, first, doses that gave reactions in normal animals, and second, 
those that failed to elicit any gross reactions in normal rabbits. In the 
first instance it was observed that rabbits gave much more marked 
reactions at the time of second inoculation than originally, and also 
more intense lesions than normals simultaneously inoculated with com- 
parable doses of the same culture. This is well brought out in the 
following experiment.^ 

^ The choosing of proper rabbits and preparation of their skin for testing was 
carried out in the following manner. 

It was necessary to select the animals carefully because certain of them had 
pigmented skins and also areas in which the hair was coarse. This selection was 
easily accomplished by grasping the rabbit v/ith the two hands and blowing 
gently from the thigh forward to the shoulder. In this manner the areas of pig- 
mented skin were noted. These latter areas were found to be covered by a 
coarser hair. 
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Expcriintnl L—A series of rabbits inoculated intracutaneously vdth the 
sediment of 24-hour blood broth culture of Strain V92/0/10. Group A received 
4 injections of 5 cc, each, Group B, 2 of 5 cc. each and Group C, 1 of 5 cc., and 


TABLE I. 


Average of Sum of Diameters of Lesions FollcTiving Rcinoctdalion, 



[ Animiils wth pre^'ioas second jry 
reaction 

Animals vrlthoat pnr/ions 
secondary reaction 

Xerober 

of 

zntmals 

Aniotmt of inoculom | 

Nnmbei 

of 

animals 

Amount of moculum 

10-1 cc. 

10-*cc. 

l0-*cc. 

l0-*cc. 

10^ cc. 

10“* cc. 

1 

Group A 

1 

5 

67 

37 

28 

1 

62 

37 

25 

B ; 

5 

71 

34 

22 


— 

— 

— 

“ C 

^ 1 

54 

32 

20 

1 

44 

24 

18 

Controls 

3 1 

39 

20 

9 

— 

— 

— 

— 


Figures indicate average sum of diameters in millimeters. 


all were observed daily for secondary reactions. 16 days later all were inoculated 
in 3 areas with the sediment of 10 cc., 10^- cc. and cc. of homologous culture 
respectively. At the same time 3 normal controls were inoculated similarly. 


For the actual removal of the hair one required impure barium sulfide; it would 
not work if chemically pure. We have used Mallinckrodt's Barium Sulphide, 
Cray, Approx. 65 per cent. After wetting the hair thoroughly with water a 
fairly heavy coating of this powder was dusted on to the side of the rabbit. A 


heavy cotton swab on a stiff wire or stick was made wet and rubbed gently over 
powdered area for about 1 to minutes; in this way a thick paste was made 
in the fur. As soon as it was noted that the hair was coming away the rabbit 
was held under running water until the paste was carefully and completely 
washed off by gently rubbing with the swab during the washing. If the operation 
had been properly performed the hair usually came away cleanly. H aff the 
areas were not depilated the process was repeated over these areas, but it was 
foimd that there was danger of burning if the reagent was allowed to touch the 
bare skin. ^ WTien burning resulted it was usually due to too vigorous rubbing' 
or to allowing the paste to remain on the skin too long. It was also necessarv' to 
exercise care in reino%ing all the barium sulfide from the hair at the margins of 
the denuded area. Following the washing this area was dried by gently patting 
with a ton el the animal placed back in the cage. It was found better to 
make the depdaUon 1 to 3 da>^ before using the animals, for at the end of this 

penod any burning of the skin could be detected and the areas avoided when 
appl>nng the sldn tests. a^oiaea wPen 
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The maximum reaction occurred 48 hours after inoculation. Table I gives the 
average of the sura of the diameters of tlie lesions, measured at right angles to 
each otlier, recorded in the different groups at this time. One rabbit in each of 
Groups A and C had previously failed to show secondary reactions; and in these 
two tire lesions resulting at the time of tire second inoculation were slightly smaller 
tlian tlie average for their corresponding group. The figures in tin's table indicate 
clearly tliat the skin reactivity of tlie previously inoculated rabbits was from one 
and one-half to two times as intense as tliat of the controls. The animals of 
Groups A and B, which had received 4 and 2 lesions respectively, were more 
highlj' sensitive tlian those of Group C. Ophtlialmic and lethal tests also demon- 
strated a similar high degree of sensitiveness of these two groups, compared witli 
Group C, which in turn was more sensitive than the normal controls. In thick- 
ness and duration the lesions also showed striking differences. At the site of 
10“® cc. inoculations the most sensitive animals had indurated nodules from 2 to 
2.5 mm. in height; the less sensitive animals had smaller lesions from 1 to 1.5 
mm., and tlie controls had soft lesions 1 mm. or less. The average duration of 
tlicse smallest lesions in tlie sensitive group was 8 days compared with 3 days in 
tlie controls. In still anotlier respect the h^Tpersensitive animals showed differ- 
ences at the site of skin inoculation, viz. in color of the lesions, especially on the 
2nd or 3rd day. Frequently the smaller lesions at this time had a dull red or 
dull pinkish red hue which did not disappear so readil}’’ on pressure as did the 
brighter red color seen in comparable lesions in normal animals. The color in 
these hypersensitive lesions reminds one somewhat of that seen in chronic granu- 
lomata such as lupus nodules or nodular sj'philides. 

In measuring the reactivity of the skin of rabbits with various 
doses of blood broth cultures of green streptococci it was observed that 
most normal rabbits gave no reaction with 10"* cc. when this amount of 
culture was diluted with normal salt solution or plain broth and in- 
jected intracutaneously in quantities of 0.05 cc. On the other hand, 
animals previously injected intracutaneously with larger doses of 
culture showed lesions when tested later with these small quantities. 
Often the lesions in various animals had similar diameters, but those in 
the more sensitive animals were more raised, more indurated, duller 
red in color and persisted longer. It seemed, therefore, advisable to 
attempt to express the degree of reaction by the volume of the reacting 
macule, papule or nodule. The height of the lesion was estimated from 
measurements with special calipers. As the lesions w'ere practically 
round, a rough estimation of tlieir volume could be made by applying 
the formula n = | ?r//(//- -f- 3a~) wdiere v — volume, // = height of 
lesion and a = J of the average diameter. As a rule a was estimated 
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as \ of the sum of the two longest diameters taken at right angles to 
one another. From curv'es constructed from this formula for lesions 
of various sizes the volumes of measured lesions could he rapidly- 
computed. It is recognized that a large source of error is inherent in 
this method; first because of the amount of reaction that may occur 
in the deeper layers of the skin -without producing a comparable thick- 
ness of the papule; second, on cun^ed surfaces such as presented by the 
contour of the rabbit’s bod}* it is difficult to estimate the height of the 
lesion accurately; and third, because different lesions on the same 
animal resulting from the same sized inoculum may vary in size, 


' T.^LE II. 

Correlation of Secondary Reactions ^ Ophthalmic Reactions and Test Lesions vnfk 

Cc, 


Group 

A 

B 

C 

X) 

E (skt) 

Secondao" reactions 

4* 

i 4- 




Ophthalmic reactions 

i to -f-f 4- 

j 

4: 



Number of anirnnk _ 

S 

21 

1 

5 

4 

Average ske of 10^* cc. lesions, c. mm . . . 

109 

61 

215 

; 47 

12 

Above average 

4 

10 

— 

2 

3 

Variation in size, c. mm 

110-180 

65-120 

— 

75-92, 

13-20 

Average 

1 

1 

— 

— i 

— 

Belonr average 

3 

10 

— 

3 

1 

Variation in size, c. mm 

54-72 

25-48 

— 

23 

0 


signifies negative reaction, 
db to 4“ + “f signifies strength of reaction. 


either because of differences of reactivity of skirt of different textures 
and anatomical structure, or because the inoculum is not always intro- 
duced at the same depth. But in spite of these sources of error we 
have found this method of estimatirig the degree of sensitiveness to be 
of distinct value. The correlation of the intensity and frequency 
of the three reactions and their variation among rabbits is shown in 
Experiment 2. 

2.~~Each of thirt>'-mne rabbits was inoculated intracutaneouriv 
wth the sediment of 18-hour blood broth culture of Strain \T10A/0/S in 4 areas 
as foUows: 2 with 5 cc., 1 vritli 10-» cc. and 1 mth 10'’- cc.. and obsen*ed dafly for 
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secondarj' reactions. 9 da 3 's later each animal was given a subcutaneous focus 
of agar inoculated with tlic sediment from 5 cc. of a similar culture. 38 days 
after tlie first inoculation tlie skins of all were tested witli 10~‘‘ cc. of homologous 
culture and the ej'e test was applied in the usual way. The results are shown 
in Table II. 

It will be observed that the animals with positive ophthalmic reac- 
tions gave, on the average, the largest sldn reactions. I^Hiile twenty- 
nine animals had given secondary reactions about a month previous to 
the time of testing the skin and eye, only nine gave positive eye tests 


TABLE m. 

Correlation of Secondary Reaction, Ophthalmic Reaction and Skin Test Lesion 

with 10~^ Cc. 


Group 

A 

n 

c 

B 

E 

F 

G 

H 

Secondary reaction 

+ 

+ 

rfc 




•f 

zfc 


OphUialmic reaction 

+ 

dz 

+ 

+ 

=b 

— 

— 

— 

Number of animals 

Average size of lO”** cc. lesions, 

12 

1 

2 

2 

2 

2 

2 

4 

c, mm 

88 

65 

55 

29 

20 

22 

33 

22 

Above average 

4 


1 

1 

1 1 

1 1 

1 

' 2 

Variation in size, c. vwt 

Average 

125-227 


65 

40 

! 22 

30 

48 

28-40 

Below average 

8 


1 

1 

1 

1 

1 

2 

Variation in size, c. min 

18-85 


45 

18 

IS 

15 

18 

10-12 


-b signifies distinctly positive secondarj’^ reaction. 

± “ doubtfully “ “ “ 

— “ no secondarj' reaction. 

... “ no animals in this categorj'. 

on the SStli day. It was subsequently determined that the culture had 
deteriorated, wliich offered one possible explanation of this discrep- 
ancy. However, with the exception of the one animal in Group C, the 
rabbits with both positive secondary and ophthalmic reactions gave the 
average largest skin lesions, and those failing to give these reactions had 
tlie smallest; while tliose with a previously positive secondary reaction 
and later a negative ophthalmic reaction were midway between. The 
reactions in the four rabbits of Group E are notewortliy. These ani- 
mals were very sick from snuffles or subcutaneous abscesses and gave 
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very poor reactions to all the tests. Their lesions probably represented 
the well known failure of cachectic individuals to react to infection in 
the normal manner. 

The correlation of secondary reactions with ophthalmic reactions and 
skin reactivity to 10 cc. inoculation made at an earlier period than in 
Experiment 2 is shown in Experiment 3. 

Experimenl 3.— Twenty-seven rabbits were each inoculated intracutaneously 
in 4 areas with the sediment of 5 cc., 5 cc,, 10~^ cc. and 10“^ cc, in 0.1 cc. amounts 
respectively; the inoculum was an IS-hour blood broth culture of Strain VllOA/0/6 
recently taken out of frozen and dried stock. None of the animals showed 
appreciable lesions at the site of the 10"^ cc, inoculation. On the 11th day the 
skin reactivity was tested with 10-^ cc. and the eye was tested with the same 
culture in the usual manner. The results of the three reactions are summarized 
in Table m. 

Here again it will be seen that animals in Group A with both positive 
secondary and ophthalmic reactions gave on the average distinctly more 
voluminous skin ructions. One of this group had a lesion of only IS 
cjnm., one a lesion of 40 cjnm., but in all of the others the lesions were 
45 c.mm. or larger. Most of the other groups were too small to permit 
of valuable generalization; but among the twelve animals comprised 
in Groups D to H the average of the lesions was below 35 c.mm, and 
only one lesion as large as 48 cjtnm. was found. Because these animals 
were to be used in other work it was not feasible to apply the lethal test. 

An important point to be made from the results of both Experiments 
2 and 3 is that an increased reactivity of the skin of rabbits follows 
previous intracutaneous inoculation whether or not a secondary reac- 
tion develops at the site of the primary inoculation. But in those ani- 
mals which have recently shown a secondary reaction the reactivity 
of the skin to reiaocidation as a rule is much greater than in those rab- 
bits which had failed to show secondary reactions. 

It is impossible to determine the degree of sensitiveness in a group 
of animals by applying all of the tests simultaneously, because a certain 
amount of time must be permitted to elapse in order to study the 
secondary reaction, the response to cutaneous reinoculation and the 
ophthalmic reaction before the lethal test can be applied. Animals vary 
considerably in the time at which they show a secondary reaction, and 
also in the degree of the reaction when it is present. All degrees of 
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intensity of ophthalmic reactions are also seen. A summar}'’ of the 
results obtained in 51 rabbits in three different experiments is shown in 
Table W. All animals were sensitized with Strain V92/0/10. Six 
had 4 inoculations of sediment from 5 cc. each ; 22 had 2 inoculations 
of 5 cc. each; 17 had 1 inoculation of 5 cc. and 1 of 10“^ cc.; and 6 had 
1 of 5 cc. The ophthalmic test was applied on the 14th or 15th day 
and the lethal test on the 19th day in 17 animals, and on the 22nd day 
in the remainder. In this lot of animals no positive ophthalmic reac- 
tions were observed in those which had failed previously to show a 
secondary reaction. Among the total 42 animals comprised in Groups 


TABLE IV. 

Correlation of Occurrence of Secondary Reaction, Ophthalmic Reaction and Lethal 

Reaction. 


Group 

A 

B 

c 

Secondary reaction 

+ 

+ 

+ 

1 





Ophthalmic reaction 

+ 


— 


— ; 


Lethal reaction 

+ 

— 

+ 

— 

+ 

— 

Number of animals ^ 

15 

12 

10 

5 

1 

8 

Percentage in group 

55% 

45% 

66% 

33% 

11% 

89% 


+ signifies positive reaction. 
— signifies negative reaction. 


A and B, 25, or 60 per cent, died following intravenous inoculation, a 
striking contrast to the results in Group C. While a comparison of 
Groups A and B would indicate that rabbits with a positive ophthalmic 
reaction were less hable to succumb to intravenous inoculation than 
those without, this conclusion is probably not justified because of the 
differences in elapsed periods following the primary inoculation. 

It is obvious that the development of a hj'persensitive state as indi- 
cated by the occurrence of a secondary reaction cannot be detected 
imless the site of the primary injection can be observed and measured 
daily. The demonstration of ophthalmic hypersensitiveness and of the 
value of the lethal test, in animals made hypersensitive by intradermal 
inoculation, permitted us to appl}'' these two tests to animals which were 
inoculated by various otlier routes. Experiments 5 and 6 give the 
results of such a study. 
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Expcrimcitl 5.— The animals were sensitized the sediment of 10 cc. of 
18-hour blood broth culture of Strain V92/0/11 which was concentrated by centri- 
fugation and discarding the supernatant broth. The various sites of inocula- 
tion are indicated in Table V. In Group A the sediment of 5 cc, contained in 
0.5 cc. solution was injected into each knee joint after we had assured ourselves 
that the needle was properly placed by first injecting and withdrawing normal 
salt solution. The subcutaneous injections w'ere made over the large lumbar 
muscles; the intramuscular injections into these muscles. The intrapleural 
inoculum consisted of the sediment of 10 cc. of culture and was injected into the 
right pleural cavity of each animal; the intiaperitoneal inoculum also consisted 
of the sediment of a similar amount. The paranasal sinuses were inoculated by 
etherizing the rabbits, boring a small hole through the thin plate of bone covering 
the sinuses, inserting a short needle through the trephine opening and scarifying 
the lining mucosa somewhat; then the sediment of 5 cc. of culture in 0.1 cc, volume 
was injected into the sinus on each side. The intratesticular inoculations were 
0.1 cc. in volume. The vaginal inoculation was made by placing a purse string 
suture about the introitus, inserting a blunt needle and tightening the suture; 
1 cc. oi concentrated cultuxe lepiesenting tO cc. of growth was then injected and 
the needle withdrawn, and the suture tied. This suture was external to the 
urethra. The next day, both because the vulvse were edematous and because the 
animals were unable to void, the sutures were cut and considerable amount of 
purulent exudate was discharged. 

It was possible to measure the knees, subcutaneous lesions and testicles daily. 
The size and character of the lesions in the lumbar muscles could also be fol- 
lowed; hence in these four areas an increase in the intensity of the local reaction, 
about the usual time of occurrence of secondary reactions, could be estimated. 
But where the inoculations were made into body cavities no observations of this 
nature were possible. 

Ophthalmic tests were applied to the right eye on the 14th day after the 
primary inoculation and to the left eye on the 20th day. The lethal test on the 
24th consisted of 4 cc. of 18-hour blood broth culture per kilo body weight. 2 
or 3 days later all animals which had not died as a result of this treatment were 
chloroformed and autopsied. It was thus possible to estimate roughly the 
sensitiveness of the tissues even thou^ the animalg had not been fatally infected. 

It was evident from dirdcal observation that there often occurred an 
enlargement and more marked induration of the local inoculated areas 
about the 7th to 12th days, an indication that the reacti\dty of the 
tissues was undergoing an alteration at this time. Ophthalmic tests 
also indicated that animals in all groups were sensitized as a result of 
these inoctilations. Twenty-one out of the thirty-six animals in the 
entire group gave a positive ophthalmic reaction; but comparison of 
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Effect of Different Modes of Inoculation — into Tissues. 


Group 

Rabbit 

1 

Site of 1 

inoculation i 


OpbtbRlmic reaction 

Lethal 
reaction 
24th day 

Thymus 

Lymph 

nodes 

14 th day 

20 Ih day 

A 

Q571 

Ivncc 

rt 

+±D 

++ 

— 

— 

... 


1 Q572 


— 

+ 

++ 

+ 

+++ 

+++ 


Q573 


+ 

++ 

++ 


— 



Q574 

1 

1 

+++ 

— 

— 

— 

— 

... 


Q575 

1 

— 


— 

— 


— 

B 

Q580 

Subcutaneous 

+ + + 



— 




Q5S1 


++ 

— 

— 

— 

db 



Q582 


+ + 

++D 

— 

— 

— 

— 


Q583 


+++ 

++D 

+ +D 

— 

+ 

+ 


Q584 



— 

— 

— 



C 

Q585 

Intramuscular 

— 

++ 

++ 

— 

— 



QSS6 


? 

- 

— 

— 

— 

— 


Q587 


+ + 

+D? 

— 


— 

— 


QS88 


— 

+ 

++ 

— 


— 

1 

1 

1 

Q5S9 


++ 

±D? 

— 


++ 

++ 

1 

D ! 

Q590 

Intrapcri- 

0 


— 


— 

’ — 

1 

Q591 

toneal 

0 


— 

— ! 

— 



QS92 


0 

— 


— 

— 

— 


Q593 


0 

+ 

+ 

+ 

+++ 

++ 


Q594 


0 

=fc 

1 

“ 

1 ^ 

... 

E 

Q595 

Intrapleural 

: 0 

— 

— 

1 

— 



QS96 


0 

+ 

db 

— 

— 

— 

! 

Q597 


0 

++ 

rh 

— 

+ 

— 


Q598 


0 

— 

— 

— 

zh 

— 


QS99 


0 

+± 

— 

— 

d: 

— 


Q600 


1 0 

1 ^ 

— 

— 


— . 

F 

Q601 

Paranasal 

0 


+ 

— 

+ 

— 


Q602 

sinus 

0 

— 

+db 

— 

+ 

— 


Q603 


0 



— 

rfc 



Q604 


0 

+ 


— * 

+ 


G 

Q605 

Intratesticular 

? 

-1 



+ 



Q606 


— 

- 

- 

— 

— 



Q(507 



— 

— 

— 

— 



Q608 1 


+ 

— 

— 

— 

— 

1 

H 

Q577 

Vaginal 

0 


— 


— 

- 


Q578 


I 0 

+ + 

+ 


“ 



d= to + + + signifies various degrees of intensity of reaction. 
— signifies negative reaction. 

0 “ no observation. 

D ** reactions delayed in time of appearance. 
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the corneal sensitiveness on the 14th and 20th days showed that at the 
time of first testing twenty of the animals showed positive reactions 
contrasted with only thirteen at the second testing; and in addition a 
number of the reactions at the time of later testing were distinctly 
weaker than on the 14th day. This indicates that in general the 
degree of sensitiveness was decreasing. It was pre\nously reported 
by us (1) that the green streptococci are rapidly killed off in the intra- 
cutaneous foci. In this experiment one subcutaneous focus excised 
on the 11th day was sterile; and all foci cultured at autopsy failed to 
show living organisms. It thus seems probable that the stimulus to 
sensitization, which probably occurs as a result of reaction between 
tissues and bacteria, is not continuous because a new supply of bacteria 
is not avdlable for its production. Likewise a diminution in the 
degree of hj^Dersensitiveness probably explains the small number of 
lethal reactions, for tins test was not applied until the 24th day after 
the primary inoculations. 

A study of the various groups reveals some results of further interest. 
With the ophthalmic reaction as a guide, Group G with intratesticular 
inoculations and Group B, subcutaneously inoculated, showed the least 
sensitization, for in both the eye reactions were much delayed, and 
occurred relatively infrequently. 

WTiile a high proportion of the animals in Groups D and E, inocu- 
lated intraperitoneally and intrapleurally respectively, showed positive 
eye reactions on the 14th day, they were weak or delayed in three, and 
in aU except Rabbit Q593 had become much weaker or negative when 
tested on the 20th day. This animal succumbed to intravenous inocu- 
lation 4 days later, an indication that its h}^ersensitiveness was con- 
tinuing on a high level. 

Group C, with intramuscular foci, had two members in which the 
eye reaction was weak and delayed on the 14th day, but also had two 
others in which the comeal sensitiveness persisted and was as strong or 
stronger on the 20th day. It is noteworthy that in only two other 
groups was this the case. In both the intraarticularly inoculated 
animals, Group A, and in those with paranasal sinus inoculations, 
Group F, the degree of comeal sensitization persisted and was as strong 
or stronger by the 20th day. It is interesting to note that infection 
of the mucosa of the paranasal sinuses without gross abscess formation 
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as revealed post mortem, should lead to such rapid and continuing 
hypersensitiveness. A similar persisting state from intraarticular 
inoculation, is also interesting in view of the fact that in only one of 
tliese animals, A574, was there a frank abscess in the joint. In all 
others the synovia had a gelatinous appearance. 

In the one rabbit with vaginal inoculation showing positive ophthal- 
mic reaction there was an abscess in the vaginal wall. 


TABLE VI. 

Ejjcci oj DiJJ'crcnt Modes of hwculadon — Infravcnous. 


Group 

Rabbit 

i 

Intravenous 

Ophthalmic reaction 

Lethal 
reaction 
tPth day 

Thymus 

Lymph 

nodes 

inoculation i 

1 

I3th day 

16lh day 



cc. 


1 

1 




A 

Q388 

10 

X 

— 

— 

— 

— 


Q389 

10 

X 

- 

— 


— 


Q390 

10 

X 

— 


— 


B 

Q382 

10 

— 

— 

— 

— 



Q383 

10 


dh? 

— 

— 

— 


Q384 

10 1 

1 

— 

— 

— 

— 

— 



! 



10th day 

i 


C 

Q320 

5, 10 

X 

X 

— 

' — 

— 


Q321 

5, 10 

X 

X 

i 

— 

— 


Q322 

5, 10 

X 

X 

1 

— 

— 

— 


— signifies negative reaction, 

X not inoculated at this time. 


If now we contrast these results with those in a series of rabbits 
inoculated only intravenously, as in Experiment 6, the differences are 
most striking. The mode of inoculations and results are summarized 
in Table VI. 

Experiment 6 . — The animals of Groups A and B were inoculated intravenously 
with the sediment of 10 cc, of 20-hour blood broth culture of Strain \^92/0/10; 
those of Group C with sediment of 5 cc. As we had occasionally observed deaths 
following early intravenous inoculation of intracutaneously sensitized animals 
the rabbits in Group C were reinoculated 3 days later with sediment of 10 cc. of 
culture. 2 days later Q321 died; but post mortem was found to have a se\'’ere 
B. lepiseptiann infection; no gross lesions, however, were found in tlie tliymus, 
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l>Tnph nodes or bone mcirrow. The other two rabbits of Group C were again 
inoculated intravenously on the 10th day with sediment of 7.5 cc. of culture 
(4 cc, per kilo body weight) without any untoward symptoms, and with negative 
postmortem findings 3 days later. 

The right eyes of Group B animals tested on the 13th day all failed to react. 
The left eyes of all surviving animals were tested on the 16th day with negative 
reactions in each instance except one where there was slight corneal turbidity, 
lasting only 2 days. Reactions of this degree sometimes occur in normal animals; 
hence it is safe to conclude that there was no comeal sensitization in any of the 
animals. All were inoculated intravenously wdth sediment of 10 cc. of homologous 
oilture on the 19th day ^vithout showing any evidence of sickness afterwards. 

3 da^^ later, at autops>s none showed any of the characteristic changes in the 
hematopoietic organs; Q390 showed a mild arthritis of the left knee and right 
Moulder. Thus lethal tests on the 4th, 10th and 19th days and ophthalmic tests 
on the 13th and 16th days faded to reveal any e\ddence of h>T)ersensitiveness in 
animals in which the first inoculation was by the intravenous route and was of the 
same size as induced hypersensitiveness in all groups of animals in Experiment 5. 
Controls of the cultures used to make these tests proved that they were active 
in hypersensitive animals. Similar results following primary’ intravenous in- 
oculations have been obtained with other strains of non-hemolytic streptococci. 

It seems, therefore, that the condition necessary for the production 
of an early hypersensitive state, such as occurs in rabbits with the 
appearance of secondary reactions after intracutaneous inoculation 
with suitable non-hemolytic streptococci, is the production of an 
inflammatory focus some place in the body. Altered reaction doubt- 
less occurs in an animal regardless of the microorganism introduced or 
the route through which it is introduced. There are, moreover, wide 
variations in the capadty of different animals to react to inoculation 
into similar tissues, and also distinct differences in different strains in 
their capacity to sensitize a group of animals. This has been already 
mentioned in our earlier publications, but the importance of recogniz- 
ing variation in both the power of the microorganism to sensitize and 
the capacity of the animal to react is more clearly demonstrated in 
another place (4). The present discussion has rather to do with the 
influence of primary reaction in various tissues, \Yhtn non-hemo- 
lytic streptococci of low \drulence are introduced into the blood stream 
of normal animals they rapidly disappear and, in the doses here used, 
do not, as a rule, set up gross focal lesions in the tissues of the body 
Their influence is probably exerted over a relatively wide area as 
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represented by the ramifications of tlie circulatory system. Doubtless 
certain organs bear the brunt of the attack more than others, but all 
are usually able to dispose of these streptococci without undergoing 
severe damage. When, on the other hand, these microorganisms are 
introduced directly into the tissues there is a local reaction, with a cer- 
tain amount of tissue destruction, and before the body has been able 
to dispose of them effectively the inflammatory material has been pro- 
duced either in sufiicient quantity or of a quality to alter the bodily 
response in the direction of overreaction to a second inoculation at a 
distant site. It is interesting to note that such relatively slight reac- 
tions in the paranasal sinuses should lead to more marked sensitization 
than followed more marked reactions in the testicles, and also should 
be followed by corneal sensitization of longer duration than occurred 
after intrapleural or intraperitoneal inoculation. In view of the sus- 
pected r61e of streptococci in chronic arthritis the fact that general 
sensitization can be easily effected from intraarticular inoculation is 
also noteworthy. ' 


DISCUSSION. 

From the experiments presented in tliis and other communications 
it is obvious that the production of a lesion in rabbits by inoculation 
with non-hemolytic streptococci into some tissue is followed by a state 
of hypersensitiveness. This state is made evident by increased reac- 
tivity of the sidn to reinoculation with small doses of the streptococci, 
by the marked reactivity of the scarified cornea — a non-vascular tissue 
— to instillation of the streptococci into the conjunctival sac and by the 
death of many of the animals following intraveneous inoculation with 
cultures in amounts well tolerated by normal rabbits. The lesions 
found in the lymphatic and hematopoietic organs of these animals are 
grossly very similar to those described originally by Koch (5) in tuber- 
culous animals following inoculations with large doses of tuberculin. 
We have observed similar lesions in normal rabbits following intra- 
venous injections of more virulent hemolytic streptococci, and have 
noted ophthalmic reactions similar to those seen in hypersensitive 
rabbits following primary inoculation of the cornea of normal rabbits 
with living hemolytic streptococci. Thus, the condition of the hyper- 
sensitive rabbit has been altered in such a manner that the relatively 
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avirulent non-hemolytic streptococci set up immediate reactions 
grossly comparable to those which follow infection of normal animals 
with \nrulent hemoljdic streptococci. 

The death of these animals after intravenous inoculation does not 
occur immediatel}’’ or within a period of 1 or 2 hours, nor is it accom- 
panied by s>Tnptoms of acute shock such as were originally described 
by Arthus (6) in rabbits sensitized to various coagulable proteins. 
Neither did Auer (7) or Opie (8) describe lesions of this type in rabbits 
fatally shocked with horse serum or egg white. In a few animals 
intracutaneously inoculated with egg albumin we have not observed 
comeal hj^ersensitiveness comparable with that of the streptococcus- 
h}T)ersensitive rabbits; nor have we foimd in the literature a descrip- 
tion of this t}^e of eye sensitiveness to non-bacterial coagulable 
proteins. 

It has already been shown (2) that the secondary reaction bears no 
definite relationship to the presence of antibacterial immime bodies 
in the sera of the infected rabbits. In this respect the hypersensitive- 
ness to non-hemolytic streptococci differs from that of rabbits im- 
munized against non-bacterial coagulable proteins, where regardless 
of method of immunization a heightened antibody content of the serum 
is accompanied by an increased intensity of the Arthus phenomenon. 

In all respects, therefore, where analogies can be applied, it seems 
that the hypersensitiveness of rabbits following the production of 
lesions v-dth certain non-hemol 3 rtic streptococci, is comparable to that 
form described as tuberculin type of allergy or the hypersensitiveness 
of infection (Coca (9)). Zinsser (10) has clearly indicated how the two 
t>pes of hypersensitiveness, or allergy, differ with respect to the pres- 
ence of immune bodies; and later he expressed the opinion that the 
bacterial sensitization resulted from a peculiar foim of autol3^is of 
bacteria which probably occurs most readily in inflammatory foci. 
Roessle (11) also directed attention to the differences between the 
tissue reactions and incitants in the two types of hypersensitiveness. 

It is, furthermore, perfectly evident that this type of hypersensitive- 
ness or allergy is not peculair to non-hemolytic streptococci, for in such 
ciuonic dise^es as tuberculosis, syphilis, glanders, blastomycosis and 
trichophytosis, to mention only a few, skin reactions to the respective 
bacterial extracts are weU known. Studies in typhoid reactions by 
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Gay (12) and liis coworkers, and in reactivity to pneumococcus 
extracts or nucleoproteins after pneumococcus infections, by jMacken- 
zie and Woo (13), and by Zinsser and Grinnell (14), show that acute 
infections also induce a similar type of bacterial allerg}^ Hanger’s 
(15) studies of the reactions of rabbits to BAcphcpHaan filtrates also 
indicate that rabbits spontaneously infected with these microorganisms 
develop a peculiar type of allergy towards them. 

In the field of streptococcus infections, especially as represented by 
recent developments in the study of scarlet fever and erysipelas, the 
accumulating evidence all indicates that bacterial allergy plays an 
important role in certain phases, at least, of these diseases. This work 
summarized by Zinsser (16) is well illustrated by the studies of 
Dochez and Stevens (17), Birkhaug (18), Zinsser and Grinnell (19) 
and Mackie and McLachlan (20); Kirchner (21) showed moreover 
tliat there was increasing hypersensitiveness of such an avascular tissue 
as the cornea to the so called scarlatinal toxin. 

But it should be pointed out that in these studies although the 
primary inoculation in many instances was with cultures of the re- 
spective streptococci, in most instances the substance applied in testing 
was a broth filtrate or some bacterial fraction. In most of our studies 
we have used whole living non-hemolytic streptococci, though in a few 
instances we have tested hypersensitiveness with nucleoproteins, and 
filtrates, Mackenzie and Woo used nucleoproteins, and Zinsser and 
Grinnell used Streptococcus scarlatina: nucleoproteins as well as filtrates 
as testing substances. StiU more recently JulianeUe and Avery (22) 
have carried out more extensive series of experiments with pneumococ- 
cus infections in rabbits with results very similar to those we have 
obtained with non-hemolytic streptococci. 

Because of the relatively low primary virulence of non-hemol 3 dic 
streptococci we have thought it best to study the tj'pe of reaction fol- 
lowing both primary inoculation and reinoculation with living micro- 
organisms. The low invasive capacity of these streptococci and the 
rapidity with which they are annihilated in the rabbit’s bod}'’ made it 
especially desirable to determine just how the animal reacted towards 
the whole living microorganism during the various phases of immunity 
and resistance. ’While tubercle bacilli, Spirochata pallida or the va- 
rious fungi found in trichophytosis have a comparable low grade of 
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primary virulence, the fact that they re main viable in the body of an 
‘animal and hence give rise to new foci for long periods creates a different 
set of conditions than follow's inoculation with non-hemolytic strepto- 
cocci, Primary inoculation with such microorganisms as capsulated 
pneumococci, hemolytic streptococci or staphylococci which have a 
higher invasive capacity, greater virulence and the ability to elaborate 
more markedly toxic substances, gives still other and more complicated 
conditions. Dold (23), though aware of the phenomenon of secondary 
reaction, did not record its occurrence in rabbits inoculated intracuta- 
neously with a large variety of common pathogenic bacteria. Hence it 
appears that with this reaction of rabbits towrards non-hemolytic 
streptococci 'we have available a set of factors quite favorable for analy- 
sis of certain phases of allergy and immunity. 

The evidence brought out in Experiments 5 and 6 that foci some 
place in the body are necessary for the development of this type of 
allergy is most noteworthy. It is not merely a question of introduc- 
ing the bacteria into the body but the fact that focal lesions are set up 
that seems to be important, for hypersensitiveness did not follow intra- 
venous inoculation. Rapid destruction of the microorganisms without 
production of large focal lesions probably offers a suitable explanation 
of this phenomenon. If staphylococci, hemolytic streptococci or most 
strains of pneumococci, had been injected intravenously, either marked 
purulent focal lesions would have resulted, or the animal would have 
died before the allergic state could have been detected. Following 
intravenous injection with living tubercle bacilli there would have been 
produced multiple tubercles, foci of sufficient intensity to induce a 
condition of tuberculin allergy, and the persistence of tubercles would 
favor a continuance of the allergic state. In this connection, however, 
it is interesting to note that Petroff (24) observed that it was possible 
to induce a state of tuberculin allergy following inoculation of animals 
with killed tubercle bacilli by practically every route except intrave- 
nously. It is possible that the inode and duration of action of killed 
tubercle bacilli in respect of the inducing of allergy aremuch the same as 
those of non-hemol>i:ic streptococci. The description by Calmette and 
Guerin (25) of secondary reactions at the site of inoculation of calves 
with attenuated tubercle bacilli BCG furnishes a striking parallel to 
our obse^^^ations in rabbits. WaUgren (26), moreover, has very recently 
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reported the occurrence of secondary reactions in young children at 
the site of inoculation with Calmette’s BCG bacilli, and found that * 
cutaneous allergy to tuberculin only occurred in those children who had 
developed these secondary reactions. 

We, therefore, seem to be in a position to give a reasonable explana- 
tion of the secondarj’^ reaction. Following the intracutaneous inocu- 
lation of rabbits with any strain of streptococcus there develops a state 
of tuberculin-like hypersensitiveness; but certain strains possess the 
capacity of stimulating the hypersensitiveness to a higher level than 
others, and certain rabbits are more capable of reacting, as is made 
evident b}’’ retesting the animals in different ways. Following the 
primary intradermal reaction there persists at these primary foci a 
certain amount of residual antigenic substance. \\Tien a sufficiently 
high degree of general h3'persensitiveness develops the cells in tlie im- 
mediate vicinity of the primary lesion are in a condition to react with 
small amounts of suitable bacterial substances whether they are either 
freshly introduced or residual. The secondary reaction is, therefore, 
apparently an evidence of this reaction with some residual antigen per- 
sisting at the site of primary inoculation in an animal which has devel- 
oped a general state of h3^ersensitiveness. The peculiar feature is 
that some strains should possess these stimulating or reacting sub- 
stances to such a degree, while others are strains apparently lacking 
in them. 

In the studies of Dochez and Stevens and of Birkhayg concerning 
the two phases of sensitization of rabbits towards toxic filtrates various 
routes of inoculation were employed. The first observers injected 
toxic filtrates intracutaneousty, and later intravenously; the last ex- 
perimenter inj’ected living indifferent streptococci intraperitoneally. 
While Dochez and Stevens observed that the second phase of allergy 
followed prolonged intravenous inoculation, Birkhaug reported that 
skin desensitization followed intravenous inj'ection of toxic filtrates. 
Therefore, there appears to be some contradictory evidence concerning 
the results following different routes of inoculation. But it should be 
noted that different types of streptococci were used by these two sets of 
workers. Nevertheless the influence of the types of lesions resulting 
from the different routes of inoculation has in general not been as 
carefuUy considered as it probably deserves. If our observations 
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concerning the effect of production of focal lesions compared with that 
of intravenous inoculation without focal lesions are substantiated \\dth 
other bacteria, it may be necessary to revaluate certain of the factors 
in the production of tuberculin-like bacterial allergy. 

CONCLUSIONS. 

1. Accompanying and following the evolution of a secondary reac- 
tion in the skin of rabbits after inoculation with suitable doses of 
certain non-hemolytic streptococci there quickly develops a general 
state of hypersensitiveness or allergy towards these streptococci. 

2. This state is made evident by ophthalmic reactions following cor- 
neal inoculations, by much increased reactivity of the skin following 
intracutaneous reinoculations, and by lethal reactions, resembling 
tuberculin shock, following intravenous inoculations. 

3. In a given hypersensitive rabbit there is a rough parallelism in the 
intensities of these different kinds of reactions. 

4. This type of hypersensitiveness or bacterial allergy does not fol- 
low primary intravenous inoculation of rabbits with comparable doses 
of the streptococci employed. 

5. As the development of this type of h^^ersensitiveness or bacterial 
allergy seems to accompany the production of focal lesions of a certain 
intensity, it is probable that in these foci are produced the substances 
or conditions which lead to this type of bacterial allergy. 
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STUDIES ON INDIFFERENT STREPTOCOCCI. 
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The discover)’’ in this laboratoi)’’ (1) of the secondary reaction v,’hich 
occurs at a definite interval following the intradermal inoculation 
into rabbits of properl)" chosen doses of certain strains of Streptococcus 
virid^ns has pointed the way for a number of investigations into the 
general field of bacterial allerg)^, with reference particularly to the 
streptococcus group (2). The results of these investigations, in con- 
junction with a number of findings in patients with rheumatic fever, ^ 
have given rise to a working theor)’’ in which the phenomena of the 
disease are interpreted in terms of allergy or hyperergy to streptococci 
(3).^ Most of the experimental data reported have been obtained 
with certain strains of Streptococcus viridens. In view, however, of the 
fact that the indifferent streptococci have been considered to play a 
part in the production of the disease (4), and in some quarters have 
been assigned an exclusive etiologic role, it has seemed desirable to 
investigate these organisms with a view to determining their potentiali- 
ties as allergizing agents. A number of interesting observations along 
this line have been published recently by Birkhaug (5). His anhnals 
"were inoculated intraperitoneally and were tested only with filtrates. 

Inasmuch as in the case of Streptococcus viridans the capacity to 
produce the secondary reaction in rabbits had served as a fairly re- 
liable index of the allergizing activity of given strains, the ob\dous 
approach to the problem was to observe the frequenc}" with which this 
reaction occurred following the properly executed inoculation with va- 
rious strains of indifferent streptococci. For this purpose a number of 

' A similar theor>' was quite independently developed by Zinsser, Bull. New 
York Acad. Med., 1928, iv, 351, and pre%dously suggested in an article bv him and 
Grinncll, J. ItnwHuoI., 1925, x, 725. 
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cultures were selected from among those carried in stock at the time. 
Twenty-four examples of Type I and twenty of Group X (6) were 
studied; among the latter were included eleven which in our hands 
failed to ferment inulin. Some of the strains had been isolated from 
patients suffering from active rheumatic fever; others from persons in 
sound health who had never suffered from the disease; still others from 
hospital patients suffering from conditions unrelated to rheumatism. 

table I. Methods. 

Scheme for Inoctdaiion of Rahhils Inasmuch as only in the rabbit has the 
and Tabulation of Results. secondary reaction been observed, this 

was of necessity the experimental animal 
chosen. Inoculations were made into areas of 
unpigmented skin depilated at least 24 hours 
previously with a watery paste of commercial 
barium sulfide (Mallinckrodt). The bacteria 
were grown for 24 hours in phosphate broth, 
pH 7.8, containing 2 per cent of defibrinated 
rabbits' blood and 0.05 per cent of dextrose. 
When such cultures were administered in 
amounts less than 10'^ cc., dilutions were 
made in phosphate broth such that the dose 
desired was contained in a volume of 0.05 
cc. As a rule each strain was administered in 
three doses, lO-^cc., 10-= cc. and 10-’ cc.; but 
in a few experiments the 10”^ cc. dose was 
omitted. Each rabbit was tested with three 
strains in the dosages given and each strain 
was tested in at least three animals. 

By a method of staggering the inocula it was arranged that no two animals 
received the same three strains. Results were tabulated in accordance with this 
scheme, which is illustrated in Table I. Thus six strains, which might be desig- 
nated A-F, would be injected into six rabbits, as indicated in Table I. Certain 
'advantages accrue to this metliod of study, for both variation in reactivity of the 
rabbits and in allergizing capacity of the microorganisms are demonstrated. In 
the first place, a small number of animals are incompetent to develop the secondary 
reaction, whether through illness (cachectic response), or because of the existence 
of a special condition of natural immunity. On the otlier hand, many strains of 
indifferent streptococci, more particularly of Group X, are endowed with little or 
no allergizing capacity. The percentage of rabbits refractory to sensitization is 
so small that it is unlikely that more than one in four or five wiU be encountered in 
any single group. By reading horizontally it is a simple matter to determine the 
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presence of rcfractor>’ animals, as 'well as of those unusually responsive to sensi- 
tization. By reading along the dotted diagonals the number and degree of the 
secondaiy’ reactions encountered vrill serve as a fair index to the sensitizing power 


TABLE II. 

Vcriciions in AJlcrgizing Capacity oj Niric Strains oj Indifferent Streptvcocci 
Tested in Nine Rabbits, 



of tlf stnuns. The method is, of course, of less value when one is dealing with a 
number of strains, few or none of which possess more than a weak or Lgular 
allergmnE capaaty. Dnder such circumstances it is desirable to introduce stSns 
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of known potentialities as controls; in Table I Strains A and D might be thus 
chosen; the only alternative to this, in case of the development of a small percent- 
age of secondary reactions, is repetition of the experiment. 

The results of one among several experiments arc shown in Table II. Nine 
rabbits were each inoculated in nine areas with doses and strains of different 
streptococci as indicated in the headings. All of the lesions were measured daily 
for 3 weeks. The scheme used in charting the intensity of the secondary reactions 
was as follows: the two diameters of the lesions were added, and from this result 
was subtracted the sum of the two diameters observed when the lesion was at its 
minimum preceding the development of the secondary’’ reaction. When this 
difference amounted to 1-3 mm,, the ± sign was charted; 4-6 mm., -J-; 7-9 mm., 
++; 10-12 mm., + + + ; 13 mm. or more, + + + +. The — sign indicates 
absence of secondar}'' reaction. 


TABLE III. 

hitcusiiy of Secondary Reactions front Type I Strains. 


1 

Total secondaty 
reactions i 

Intensity 

rt: 

+ 

+ + 

-f+4" 


150 

■n 

26 

24 

13 

71 


mmm 

17.3% 

1 

16.0% 

8.7% 

47.3% 


For meaning of + and — signs, see text. 


In this experiment Rabbits 1, 3, 4 and 7 were poorly adapted to the purpose in 
hand, as they were obviously in var^dng degree refractory to sensitization, No. 7 
almost completely so. This unusually high proportion of unsatisfactory rabbits 
might have invalidated the experiment had it not been* for the peculiar distribution 
of the strains. However, b}^ reading along the diagonal lines and making allow- 
ances for the refractory rabbits as their levels are reached, it is made clear that 
Strains Q1S5, P71B, RF18, P59B, RF2, Q205 and RF8 really possess the allergizing 
power, while Strains P31 and P61 are devoid of it, for in areas inoculated with the 
latter microorganisms secondary reactions failed to appear even though the 
tests were made on such highly reactive animals as No. 8 and No. 5 respectively. 
Variations among the positively reacting microorganisms in capacit}^ to stimulate 
secondary reactions were also made evident in tliis experiment. For example, 
Strain Q15S gave good, even tliough not marked, reactions in such a poorl}’’ reacting 
animal as No. 1; while Strain RF18 gave very poor reactions in this animal and in 
No. 3, but better reactions in the more reactive No. 2. 

Ophthalmic tests were carried out as described elsewhere (3), by application of 
culture sediment to corneas previously scarified under novocaine anesthesia. 
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RESULTS. 

With the 24 strains of Type I, 215 lesions were produced in 82 
animals. In 150 (69.7 per cent) of these lesions secondary reactions 
appeared within 3 weeks following the date of inoculation, and usually 
before the 12th day. 

In Table HE the 150 secondary reactions have been analyzed with 
respect to their intensity, in accordance with the arbitrary formula 

TABLE IV. 

Incidence of Secondary Reactions in Lesions Resulting from Different Inocula of 

Type I Strains, 


Size of inootU 



1 10-*cc. 

lO-icc. 

10^ cc. 

Total lesions 


82 

82 




69 (84.2%) 

44 (53.7%) 



TABLE V. 


Intensity Distribution of Secondary Reactions among Different Inocula of Type I 

Strains. 


Total secondaiy reactions 

Size o! inocula 

10-t cc. 

10-»cc. 

10-s cc. 

37 

1 69 

44 

Intenaty :d= 

4(10.8%) 

11 (15.9%) 

1 (2.3%) 

+ ! 

8(21.6%) 

15 (21.7%) 

3 (6.8%) 


12(32.4%) 

11(15.9%) 

1 (2.3%) 


2 (5.4%) 

6 (8.7%) 

5 (11.4%) 

++++ 

11 (29.7%) 

26(37.7%) 

34(75.2%) 


mentioned above. Nearly 50 per cent of the reactions were of suffi- 
cient degree to be expressed as ++++. In Table W the 215 lesions 
produced by the Type I strains have been analyzed with respect to 
the occurrence of the secondary reaction in the lesions resulting from 
the various inocula. The high percentage (53.7 per cent) of secondary 
reactions in the 10-’ cc. lesions is noteworthy, and is in contrast to 
observations made with Slreptococciis viridajts', for we have repeatedly 
obser%'ed that secondary' reactions in lesions resulting from inocula- 
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tion with 10~® cc. of Streptococcus viridans cultures are relatively un- 
common. 

In Table V are analyzed the lesions resulting in secondary reactions 
with respect to tlieir distribution by intensity among the three inocula. 
The tendency for the 10~^ cc. lesions to show more strongly marked 
reactions than the 10"' cc. lesions is largely attributable to the method 


TABLE VI. 

lutciisity of Secondary Reactions from Group X Strains. 



Total 

sccondar>’ 

reactions 

Intensity 



++ 

4— f + 1 


Inulin fermenters 

41 

9 

20 

6 

1 

5 



21.9% 

•18.8% 

14.6% 

2.4% 

12.2% 

Non-fermenters 

39 

9 

11 

7 

0 

12 



23.1% 

28.2% 

17.9% 

— 

30.8% 


TABLE VII. 

Relation between Size of Inoculum and Incidence of Secondary Reaction in Group X 

Lesions. 


Size of inocula 




lo-i cc. 

10^ cc. 

10** cc. 

Inulin fermenters ! 

Total lesions 

23 

23 

23 


Secondary reac- 
tions 

17(74.0%) 

16 (69.6%) 

8 (34.8%) 

Non-fermenters 

Total lesions 

25 

34 

34 


Secondary reac- 
tions 

15 (60.0%) 

16(47.1%) 

1 

8 (23.5%) 


of recording by diameters. The lesions produced by 10“' cc. doses of 
T3T3e I strains are relatively quite large. In the case of such large 
lesions the secondary reaction manifests itself as mucli by increase in 
volume as by lengthening of diameters, whereas smaller lesions fre- 
quently increase disproportionately in circumference. For this reason 
the data of Table IV are perhaps a truer picture of conditions than 
are those of Table V. 
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The twenty strains of Group X have been analyzed in two groups 
according to their capadty to ferment inulin in Siss serum water 
tubes. With nine strains of inulin-fermenting organisms 69 lesions 
were produced in 23 arumals. In 41 (59.4 per cent) of these lesions 
secondary reactions appeared within 2 weeks of the date of inocula- 
tion, Similarly, with the eleven non-fermenting strains 93 lesions 
were produced in 34 animals ; in 39 (42 per cent) of these lesions second- 
ary reactions appeared within the same period of time. 


TABLE via. 

Iniensily Disiribution of Secondary Reactions among Different Inacula of Group X 

Strains. 


Total secondary reactions. 

Size o! inocula 

10*-» cc. 

10-* cc. 

10-** CC. 

17 

16 

8 

Inulm. fermenters 

Intensity 

+ 

-f-f 

1 

4(23.5%) 

! 2(11.8%) 

0 — 

0 — 

4(25.0%) 

7 (43.7%) 

3 (18.7%) 

1 (6.3%) 

1 1 (6.3%) 

1 (12.5%) 
2(25.0%) 

1 (12.5%) 

0 — 
4(50.0%) 

Total secondary reactions 

15 

16 

1 18 — ' 

Xon-fermenters j 

Intensity db ! 

j -V'+'V-V 

4 (26.7%) 

4 (26.7%) 
2(13.3%) i 
0 — 

1 5(33.3%) 

3 (18.7%) 

7 (43.7%) 
2(25.0%) 

0 — 
4(50.0%) 

2 (25.0%) 

0 — 
3(37.5%) 

0 — 
3(37.5%) 


In Table VI these reactions are analyzed with respect to their in- 
tensity. Not only does the secondary reaction appear rvith less fre- 
quency in the lesions given by Group X strains, but comparison with 
Table III shows that there is a decided tendency for it to be less in- 
tense when present. 

In Table the total Group X lesions have been analyzed with 
respect to the relation between size of inoculum and incidence of the 
secondaiy reaction. Whereas the inddence of the secondary reaction 
in the 10-J cc. lesions approaches that observed for the Type I strains, 
there is a dedded tendency for it to be lower in the cases of the smaller 
lesions. This is obdous from comparison of Table with Table IV. 
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In Table VIII is given the intensity distribution of the secondary 
reactions among the lesions resulting from the different inocula of 
Group X strains. 


DISCUSSION. 

Even a cursory examination of Tables III to VIII will reveal the fact 
that the capacity to give rise to lesions in which a secondary reaction 
will appear is a fairly constant characteristic of the indifferent strepto- 
cocci. In the case of Streptococcus viridans only strains derived from 
patients suffering from active disease of some sort were found to pos- 
sess tins capacity, while strains saprophytic in the respirator}’- passages 
w^ere devoid of it (1), but tliis point was not investigated so axtensively 
as in the present study. As regards the indifferent streptococci, how- 
ever, tlie source of tire strains has been immaterial; certain cultures 
isolated from the throats of normal individuals have given rise to 
secondary reactions as frequently and in as great intensity as have 
any of those derived from patients witli manifestations of active rheu- 
matic fever. 

The capacity to yield tlie secondary reaction is greater for the strains 
of Type I than for those of Group X; and within the latter group the 
inulin-fermenting organisms show it more frequently tlian do those 
which fail to fement this carboh 5 '-drate. In tlie case of the latter 
organisms it is found that tlie 10“^ cc. lesions do not 5 neld the second- 
ary reaction any more frequently than do the 10"® cc. lesions of tlie 
Type I strains. Furthermore, examination of the tables reveals that 
in lesions resulting from 10~® cc. inocula there is a disproportionate 
drop in the percentage of secondary reaction in passing from Tjqie I 
to the non-fermenting members of Group X. A possible explanation 
for this is found in tlie comparison of the primar}’’ reactions. The 
lesions resulting from the inoculation of 10"' cc. of Type I culture into 
a nonnal animal are comparatively large, measuring frequently 30 
mm. or more lengthwise by 15-20 mm. in breadtli, and often 3-4 mm. 
in thickness. They are deeply congested and considerably infiltrated, 
and are usually surrounded by an area of slight edema. The 10"® cc. 
lesions are at first at least 1 mm. in thickness, and remain measurable 
usually for 4 to 5 days. As a rule it ma}’- be said that the strains of 
Group X produce smaller primary lesions, and that the smallest of all 
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are given by those v?hich fail to ferment innlin. Examples of the 
latter have been encountered, 10'^ cc. of which failed to cause a lesion 
larger than that produced by 10-^ cc, of a Type I strain. These differ- 
ences are too great to be explainable upon the basis of growth inequali- 
ties, and would appear rather to indicate that the Type I organisms 
possess primarily a greater toxicity for tissue. Either upon this or 
some rimilnr factor, or upon the relative size of the primary lesion, 
or upon both combined, the appearance of the secondary reaction 
would seem to depend. 

The above statements must be understood to refer to general trends. 
Specifically, a certain amount of variability has been found in the 
capacity of the strmns of any one group to yield the secondary reac- 
tion. It affects the organisms of Type I, however, less than those of 
Group X. The reasons for this variability are not known. It seems 
to be independent of the source of the culture, its luxuriance of growth, 
or possibly its capacity for toxin production. 

The recognition of variability in two factors, in the allergizing 
capacity of different strains of streptococci and in the difierent react- 
ing capacity of rabbits is most important, not only from the viewpoint 
of simple experimentation, but from that of infection and immunity. 
As is indicated elsewhere (7) the degree of reactivity to reinfection is 
conditioned to a considerable extent by the type of response the animal 
exhibits following the primary infection; hence if a poorly reacting 
animal is infected with a strongly allergizing strain its subsequent 
reactivity may be similar to that of a strongly reacting animal prim- 
arily infected with a weakly allergizing strain. WTien, on the other 
hand, both parasite and host possess in a high degree the substances 
or qualities favorable for production of hypersensitiveness, subsequent 
reinfections will stimulate the most marked response; and finally if 
neither possesses these qualities the irdnimum of effect from subsequent 
reinfections can be anticipated. It is, of course, well recognized that 
these two factors may, and probably do, play an important role in 
the infectious diseases; but such variability in the two elements, host 
and parasite, are rarely so readily demonstrable as in these experi- 
ments. 

This point is further emphasized by comparison of certain indifferent 
and green streptococci. 
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Positive ophthalmic tests (3) are readil}’’ obtainable in animals prop- 
erly sensitized by the intradcrmal route with Type I strains. They 
have frequently been observed following a single series of injections, 
the total dosage of which has not exceeded 0.333 cc. of Type I culture. 
The production of a comparable degree of hyperergy with Streptococcus 
viridans requires a definitely greater initial dosage of culture, and, 
unless this dosage is rather large, a somewhat more protracted period 
of sensitization. The indifferent streptococci of Type I are therefore 
rather more efficient allergizing organisms than are those of the viridans 
group, in that smaller intradennal dosages ■will give rise in a shorter 
time to a demonstrable condition of h>q)erergy. 

A positive lethal test (3), while not obtainable ■with tlie same con- 
stancy as the ophthalmic reaction, is occasionally encountered even 
with animals sensitized by a single series of intradennal injections of 
Type I strains, the total dosage of which does not exceed 0.333 cc. 
At autopsy the findings are similar to those which have been described 
in previous reports (3) dealing rvith Streptococcus viridans; namely, 
enlarged and congested lymph nodes and th}rmus with hemorrhages 
in these organs, in the bone marrow and elsewhere. In addition, 
striking gross edema and congestion of the lungs are encountered. 
These findings differ radically from those which follow tlie intravenous 
injection of the organisms into normal animals; in the latter case, 
death occurs only after a period of several weeks, and the autopsy 
reveals the lesions of vegetative endocarditis whicli have been de- 
scribed by other observers (4). 

SUMMARY AND CONCLUSIONS. 

The indifferent streptococci are remarkably efficient allergizing 
agents when inoculated intradermally into rabbits. 

This is revealed by the high percentage of secondary reactions which 
occur in the lesions resulting from the inoculation of small doses of 
these organisms, and by the relative frequency with which positive 
ophthalmic reactions are obtained foUo^wing sensitization with rela- 
tively small doses. 

This allergizing capacity is most marked in the organisms of T}q3e 
I and least marked in the non-inulin-fermenting strains of Group X. 
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The different resultants emerging from variations in allergizing 
capacity oi streptococci and reactiAuty of host are dearly demonstrated 
in this series of experiments. 
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Fovrl-pox, a cotrunoix disease of the barnyard, annually recurs in 
epidemic form throughout numerous countries. The \drus that pro- 
duces the disease is an infectious agent (1) capable of passing through 
bacteria-tight filters (2), and, though not identical Tvith other pox- 
producing viruses, probaby is closely related to some of them. As a 
rule fowl-pox is not extremely fatal, yet the depression in the egg-lay- 
ing activity of infected fowls leads to a great economic loss. 

From the records of the epidemics of fovrl-pos studied by Bollinger (1), Sanfelice 
(3), and others, it appears that the disease occurs for the most part during the 
spring and fall months. Summer epidemics, however, have been observed. In 
America, according to Beaudette (4), the disease is most prevalent during April 
and October. 

Although the fact that fowl-pox is transmissible by direct inoculation (1) has 
long been recognized, the mode of its rapid spread under natural conditions has 
remained somewhat of a mystery. Contact infection undoubtedly can occur at 
times. Bollinger (1) reported that he obtained an infection in a healthy chicken 
by placing it in a yard with a sick fowl. Burnet (5), however, was able to obtain 
results similar to BolHnger^s only when the majority of the feathers had been 
plucked from the healthy fowl before it was placed in contact witb the diseased one. 
He was also able to infect a pigeon by feeding it virus, but, in order to assure a 
positive result, he mixed ground glass with the meal of wheat and virus. In this 
instance the lesions occurred in the mouth and esophagus and not on the comb, 
the usual place for the disease to manifest itself. Kotwithstanding the results 
above described, the experience of most workers (Burnet (5)) has been that under 
laboratory conditions healthy fowls housed in the same cage with diseased birds 
do not contract fowl-pox. Indeed, Goodpasture (6) states that no method of 
artificial infection seems adequate to explain the rapid and thorough infestations 
which occur under natural conditions. 

Some workers have attempted to incriminate (7) various insects as vectors of 
fowl-pox. Megnin (8) suggests that ilies and other insects may play a xole in 
the dissemination of the disease, but offers no convmdng experimental evidence 
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in support of liis h}pothcsis. Farmers (4, 9) in various localities arc of the opin- 
ion that mosquitoes arc instnuncntal in tlic spread of the malady, but no records 
of experiments substantiating tlic idea liavc been found. Schuberg and Kuhn (10), 
however, report tliat in each of 3 tests they succeeded in transferring fowl-pox 
from diseased to normal chickens by means of interrupted feedings of Siomoxys 
calcitransy — the flics starting their meal on an infected bird and completing it on a 
hcaltliy one. These experiments’ were not extended, and it appears that tliey have 
aroused little, if any, interest. 

The records of failures to transmit fowl-pox under tlie conditions 
indicated above, the occurrence of epidemics in the spring, summer, 
and fall, tlie fact that the lesions appear on exposed parts of the body 
(comb and wattles), and the axperiments reported by Schuberg and 
Kuhn (10) indicated to us that biting insects may play an important 
rdle in the transmission of the disease. The experiments described 
in the present paper were undertaken to ascertain whether mosquitoes 
are of any significance in the spread of fowl-pox. 

EXPERIMENTAL. 

Methods and Materials. 

Virus . — ^The strain of fowl-pox vims employed was originally obtained from Dr. 
Andervont and has been in this laboratory for approximately 2 years. Before 
starting our experiments we tested tlie activity of the virus by means of 2 serial 
passages in chickens, and also proved its purity by suitable tests in rabbits. 

Chickens . — With a few exceptions the chickens employed in the experiments 
were White Leghorns. In working witli fowl-pox one must remember that it is a 
natural disease of chickens and that immimc or partially immune fowls are likely 
to be encountered. Consequently experiments should be repeated frequently or 
should be run in duplicate. 

Mosquitoes. — Culcx plpicns and Aedcs segypti were used. The former were 
either caught in houses or bred in the laboratory from lan^a?; the latter were 
hatched in the laboratory from dried eggs supplied b}'* Dr. Boyd of the Rockefeller 
Foundation, 

Cages . — The mosquito cages consisted of stiff wire frames made in the form of a 
cube and covered witli ordinal cheese cloth. From one side of the cube the 
cloth extended in the form of a sleeve which served as the only opening to the cage 
and through which the mosquitoes or larvae were manipulated. 

Technique of Feeding . — ^Individual mosquitoes were caught in wide test-tubes, 

8'' X 1". The mouth of each tube was then covered witli cheese clotli, which was 
held in place by a rubber band. Since mosquitoes do not feed readily under these 
conditions, they were starved for 24 hours prior to the experimental meal. F ceding 
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\ras further fadiitated by first holding the gauze-covered end of the tube containing 
the mosquito towards the source of Hght. The mosquito was attracted by the 
light and came to rest on the gauze. The tube was then manipulated without 
disturbing the mosquito so that the gauze-covered mouth of the tube was placed 
over the area of the comb or wattle to be fed upon. If the mosquito was hungry 
proboscis gently came in contact with the skin of the chickenj feeding 
promptly ensued. Sometimes a great deal of patience was required. As a rule, 
however, no great difficulty was encountered in getting the mosquitoes to feed on 
or near lesions. 

The feeding once begun .could be interrupted at any time by gently lifting the 
tube. To prevent infection arising from the apparatus, immediately after the 
feeding had been interrupted the gauze was removed, the lip of the tube was 
washed with alcohol and dried, and a dean piece of gauze was placed over the 
mouth of the tube. At different intervals of time following the infectious meal 
the mosquito was made to refeed on normal chickens. During the process of 
refeeding the insect often interrupted its meal either because of an unsatisfactor>' 
probe or because the operator moved the tube. If the interruption was brought 
about so gently that the mosquito remained on the gauze the meal was Imme- 
diately resumed at a new place. The natural or imposed interruptions proved to 
be important because in this manner a single mosquito has been shown to be able 
either to infect a fowl in several places or to infect more than one fowl. 

Each tube and each chicken were numbered and records were kept of the time 
and place of the different feedings. After the completioa of each meal the tubes 
containing the mosquitoes were placed upright in a wire basket and covered with 
a moist towel. In order to determine the survival time of the virus, the infected 
mosquitoes were fed on normal chickens at intervals of 3 or 4 days. At various 
intervals of time following the infecting meal, mosquitoes were also killed, mac- 
erated, and injected into the comb or wattles of a fowl. 

Eagliteeii expeximenls vrere conducted, 10 with Culex pipiens and 8 
with Aedes xgypii. The results are shown in the following protocols* 

Culex pipiens. 

Experiment 1, — Sept. 26, Culex 2 fed on the infected comb of Chicken 46, 
drawing whitish fluid. 1 hour later the insect made several insertions of its 
proboscis, without feeding, on the left side of the comb of Chicken 47. OcL 5 4 
small vesicles were observed at the points where the mosquito had attempted \o 
refeed. Oct. 8, lesions larger (Fig. 1) . Fluid from two of the v^ides was removed 
by means of a capillar>^ pipette and inoculated on the scarified comb of Chicken 56. 
4 da>*s later the comb of Chicken 56 showed definite lesions which progressed and 
endured for many da>-s; Figs. 4 and 5 are photographs of Chicken 56 taken a week 
and a month, respectively, after inoculation. Oct. 10, lesions stffl increasing in 
size (Fig. 2). Oct. 22, lesions still present (Fig. 3). Oct 25, lesions regressing 
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Expcrimcnl 2. — Sept. 26, Ciilcx 3 fed on the infected comb of Chicken 46, 
drawing blood. 45 minutes later tlic insect refed on the right side of the comb of 
Chicken 47. No lesions developed at tlic points of refeeding. 

Experiment J. — Sept. 26, Cnlcx 4 fed on the infected wattle of Chicken 45, 
drawing blood. 45 minutes later the mosquito refed on the right wattle of Chicken 
47. ' No lesions developed at the points of refeeding, 

Experhneut 4. — Sept. 28, Culcx 5 fed near lesions on the infected comb of 
Chicken 46, drawing blood, and 15 minutes later refed, 1 bite, on tlic left wattle of 
Chicken 51. Oct. 5, a vesicle appeared on the wattle of Chicken 51 at the point 
where the mosquito had refed 7 days previously. Oct. 11, lesion larger (Fig, 6). 
Oct. 22, small secondary nodules were observed on the w^attlc (Fig. 7). The 
chicken was tested, Nov. 10, for immunity to fowl-pox virus. 

Experiment 5. — ^Sept. 28, Cuhx 6 fed near lesions on the infected comb of 
Chicken 46, drawing blood. IS minutes later the insect refed, 3 bites, on the left 
comb of Chicken 51. Oct. 5, 2 vesicles were noticed on the comb of Chicken 51, 
where the mosquito had refed, Oct. 11, lesions increasing in size (Fig, 6). Oct. 
22, lesions still increasing in size (Fig. 7). Oct. 26, lesion regressing. Nov. 10, 
Chicken 51 was reinoculatcd with fowl-pox virus. Abortive lesions appeared 
rapidly and were gone within 9 days after tlie reinoculation. 

Experiment 6, — Oct. 15, Cnhx 1 fed on the infected comb of Chicken 57, and 1 
hour and 30 minutes later refed, 2 bites, on the left wattle of Chicken 59. Oct. 
25, on tiie left wattle, at the points where the mosquito had refed, 2 vesicles were 
observed. The lesions progressed and were active for many days (Fig. S). Nov. 
17, definite evidence of healing. 

Experiment 7. — Oct. 15, Culcx 8 fed on the infected comb of Chicken 57, and 1 
hour and 30 minutes later refed, 1 bite, on right side of the comb of Chicken 59. 
Oct. 22, a vesicle was noticed on right side of comb at the point where the insect 
had refed. The lesion progressed and was active for many days. Nov. 17, 
definite evidence of healing. 

Experiment 8, — Oct. IS, C7ilcx 9 fed on the infected comb of Chicken 57. 30 
minutes later the insect finished its meal on the right wattle of Chicken 59. Oct. 
25, at the points where the mosquito had bitten Chicken 59, 2 lesions, which 
progressed and evidenced activity for many days, were seen. Nov. 17, definite 
evidence of healing. 

Culcx 9 was kept alive for further refeedings, 

Oct. 22, Culcx 9 refed on the right wattle of Chicken 63. No lesions developed. 
This chicken was tested, Nov, 10, and found to be immune to fowl-pox. 

Oct. 25, Culex 9 refed on the right side of comb of Chicken 66. A questionable 
lesion appeared, Oct. 29, and regressed in a few days. This chicken was tested, 
Nov. 10, and found to be immune to fowl-pox. 

Oct. 30, Cidcx 9 was macerated and injected into the comb of Chicken 69. No 
lesion developed. This chideen was tested, Nov. 10, and found to be immune to 
fowl-po.x. 
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It appears that the refeedings of Ctdcx 9 on Oct. 22 and 25 took 
place on immune fowls. The chicken into which the macerated in- 
sect was injected also seems to have been immune. 

Experiment P.~Oct. 18, Ctilcx 10 fed on the infected comb of Chicken 57, and 
^0 ndnutes later fimshed its meal on the left side of the comb of Chicken 59, Oct, 
25, 2 small lesions ^Ye^e obser\^ed on the left side of the comb of Chicken 59. These 
lesions progressed and remained active for many days (Fig. 8). Nov. 17, definite 
evidence of healing. 

Ciilex 10 remained alive and vras refed on 3 occasions. 

Oct 25, Cvlex 10 refed on the right side of the comb of Chicken 63. No lesions 
developed. Tins chicken was tested, Nov. 10, and found to be immune to fowbpox. 

Oct. 31, 10 refed on the right side of the comb of Clucken 69. No lesions 

developed. This chicken was tested, Nov. 10, and found to be immune to fow'Tpox. 

Nov. 1, Cif/ex 10 refed on the anterior part of the right wattle of Chicken 70. 
After being refed the mosqtiito was macerated and injected into the right side of 
the comb of the same fowl. No lesion developed at the point of injection, but on 
Nov. 5, 2 definite lesions were observed at the points where the insect had refed. 
These lesions progressed and were photographed, Nov, 7 (Fig. 10). On Nov. 9, 
1 of the lesions was excised and fixed in Zenkeris fiuid. Stained sections showed a 
t>Tpical fowl-pox lesion with Bollinger bodies in the epithelial cells (Fig. 14). 
Material from the other lesion was inoculated on the scarified comb of Chicken 73. 
Tj*pical fowl-pox lesions developed. 

The lesion on Chicken 70 that was not excised and from which material was 
removed for transfer began to regress on Nov. 12 and by Nov, 19 was completely 
healed. The lesion appeared quickly and healed rapidly. It is possible that 
Chicken 70 was partially immune. 

From the experiments recorded above it is evident that Ctdcx 
mosquitoes are able to transmit fowl-pox from infected to susceptible 
normal chickens. In 7 of 9 tests, infection occurred in the susceptible 
fowls which had been bitten by mosqmtoes that had fed on infected 
birds 15 minutes to 2 hours previously. In 1 of 2 experiments, Ctdex 
10, in which the mosquitoes remained alive for a number of days, a 
typical infection was produced in a fowl 14 days after the insect had 
taken its infective meal. The negative results obtained with the 
other mosquito, Culex 9, were probably due to the fact that the 
chickens on which it refed were immxme to fowl-pox. 

Ae^cs xgyplL 

I^erments similar to those with Culex mosquitoes were conducted 
with Aedes, The results are recorded below. 
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Expcrimenl JO. — Oct. 22, Acdcs 1 fed on the infected comb of Chicken 57. 2 
hours later the insect completed its meal on tiae left wattle of Chicken 63, No 
lesions developed. This chicken was tested, Nov. 10, and found to be immune to 
fowl-pox. 

Oct, 24, Acdcs 1 refed on the left wattle of Chicken 66, No lesion developed. 
This chicken was tested, Nov. 10, and found to be partially immune to fowl-pox. 

Oct. 30, Acdcs 1 refed on tlic left wattle of Chicken 68. On Nov, 5, a lesion 
appeared where tlic insect had fed, and subsequently developed into a typical 
fowl-pox or contagious epithelioma wart. 

After Acdcs 1 had fed, Oct. 30, on Chicken 68, it was macerated and injected 
into the left side of the comb of Chicken 68, On Nov. 16, a t>q)ical fowl-pox 
lesion was observed at tlie point where the injection was made. 

Experiment 11, — Oct. 22, A'Mcs 2 fed on the infected comb of Chicken 57, and 
30 minutes later completed its meal on the left side of the comb of Chicken 63. 
No lesions developed. This chicken was tested, Nov. 10, and found to he immune 
to fowl-pox. 

Expcriincnt 12, — Oct. 24, Aedcs 3 fed on the infected comb of Chicken 57, 
The insect finished its meal 1 hour later on the left side of the comb of Chicken 66. 
No lesions developed. This chicken was tested, Nov, 10, and fotmd to be partially 
immune to fowl-pox. 

Oct.26, Acdcs 3 refed on the left side of comb of Chicken 67, No lesions 
developed. This chicken was tested, Nov. 10, and found to be inamune to fowl-pox. 

Oct. 29, Acdcs 3 refed on the posterior portion of the right side of the comb of 
Chicken 68. On Nov. 7, 3 vesicles appeared where the mosquito had fed and later 
developed in typical fowl-pox warts. Nov, 12, photographed (Fig. 9). 

Oct. 31, AMcs 3 was macerated and injected into the right wattle of Chicken 72. 
No virus of fowl-pox could be detected in the wattle excised 9 days later. 

Experiment 13, — Oct. 24, Acdcs 4 fed on the infected comb of Chicken 57, and 
1 hour later completed its meal on the left side of the comb of Chicken 66. No 
lesions developed. This chicken was tested, Nov. 10, and foimd to be partially 
immune to fowl-pox. 

Oct. 26, Aedes 4 refed on tlie right side of the comb of Chicken 67. No lesions 
developed and the chicken was later found to be immune. 

Experiment 14,' — Oct. 25, Acdcs S fed on the infected wattle of Chicken 51, and 
a few minutes later finished its meal on the right side of the comb of Chicken 66. 
No lesions developed and the chicken subsequently was found to be immune to 
fowl-pox. 

Expcriincnt 15, — Oct. 26, AMcs 6 began its meal on the infected wattle of 
Chicken 61 and finished it, 2 bites, on the right wattle of Chicken 67. A doubtful 
lesion appeared, Nov. 3, and disappeared within a few days. Chiclcen 67 was 
tested, Nov. 10, and found to be immune to fowl-pox. 

Oct. 28, Acdcs 6 refed in the center of the right side of the comb of Chicken 68. 
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No lesions appeared. Chicken 68 '^as definitely susceptible (see Experiments 10 
and 17). 

Oct. 31, AeJes 6 refed on the left wattle of Chicken 69. No lesions developed 
and the fowl was later found to be immune. 

Nov. 3, Aedcs 6, with Aides 8, was macerated and injected into the right side of 
the comb of CMcken 72. No lesions developed. 

Expcrivienl i(^.~Oct. 26, slides 7 fed on the infected wattle of Chicken 61, and a 
few minutes later finished its meal on the left wattle of Chicken 67. On Nov. 1, a 
small lesion appeared which penisted for only 3 days. Chicken 67 was tested, 
Nov. 10, and found to be immune to fowl-pox. 

Oct. 29, Aides 7 refed on upper part of the right wattle of Chicken 68. No 
lesion developed. The chicken was definitely susceptible (see Experiments 10 and 
17). 

Oct. 31, Aides 7 lefed on the central portion of the right side of the comb of 
Chicken 69. No ledon developed. The fowl was subsequently shown to be 
immune to fowl-pox. ^ 

Nov. 3, Aides 7 was macerated and injected into the left wattle of Chicken 72. 
No fowl-pox virus was demonstrated in the wattle excised 9 days later. 
}^Expcriment 17. — Oct. 26, Aides 8 fed on the infected wattle of Chicken 61. 
A few minutes after the meal was interrupted it was completed on the upper part 
of the left wattle of Chicken 67. No lesion appeared. Cluckea 67 was shown 
subsequently to be immune. 

Oct. 29, Aides 8 refed on the lower part of the ri^t wattle of Chicken 68. 
,On Nov. 3, 2 small nodules were observed at the points where the insect had refed. 
Nov. 12, lesions photographed (Fig. 9). These nodules developed into typical 
fowl-pox lesions. 

Ndv. 1, Aides 8 refed on the posterior part of the right wattle of Chicken 70. 
No lesion developed. This chicken was certainly partially susceptible at the time 
it was bitten (see Experiment 9). 

Nov. 3, Aedes 8, with Aides 6, was macerated and injected into the right side of 
the comb of Chicken 72. No lesion developed. 

The results of the experiments with Aedes mosquitoes were not as 
uniformly positive as were those with the Ctilex. Eight Aedes mos- 
quitoes were fed on infected chickens and later, at different intervals 
of time following the infective meal, were refed on healthy fowls. 
Of the 8 refeedings that were made within 2 hours of the infective meal 
only 2, Aedes 6 and / , resulted in lesions at the points where the insects 
These lesions were small and disappeared within a few days. 
Refeedings of Aedes 1, o, and 8, which took place 9, 5, and 3 days 
respectively after the primary feeding, gave rise to typical fowl-pox 
lesions. The many negative results obtained in these experiments 
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were probably due to the fact that 4 of the 6 chickens, 63, 66, 67 and 
69, emplo 3 ^ed were subsequently found to be eitlier partial]}^ or com- 
pletely immune to fowl-pox. Sufficient positive results were obtained, 
however, to show that Acdcs mosquitoes are capable of inoculating 
healthy susceptible chickens with tlie virus of fowl-pox many days 
after they have fed on infected combs of diseased birds. 

Transvtission of Foivl-P ox by Mosquilocs under Natural Conditions. 

The results of the work reported above show that CuJcx and Acdcs 
mosquitoes are capable of transmitting fowl-pox. The tests, however, 
were made under experimental, not natural, conditions. It seemed 
advisable, therefore, to conduct at least 1 experiment in which tlie 
conditions approximated those occurring in nature, 

Experimeui IS. — Oct. IS, 2 healthy chickens (Nos. 61 and 62) and 1 (No. 57) 
witli fresli fowl-pox lesions on both sides of the comb and on both wattles were 
placed in a mosquito-proof cage (Fig. 12) . Five recently hatched Culcx mosquitoes 
were also introduced into tlie cage. Oct. 22, 7 days after the experiment was 
started, 2 small lesions were observed on the lower part of tlic left wattle of Chicken 
61. Oct. 26, lesions on Chicken 61 were still increasing in size (Fig. 11). One of 
the lesions w’as removed and fixed in Zenker’s fluid. Stained sections (Fig. 13) 
show’cd a typical early fowd-pox lesion Anth many Bollinger bodies in the injured 
epithelial cells. The other lesion wdiich was not excised went through the evolu- 
tion usuallj" observed in fowl-pox. 

Chicken 62 never developed any lesions. This may have been due to the fact 
that it was immune to fowl-pox before the experiment was begun. In any event, 
it was tested, Nov, 10, and found to be immune at that time. It is unfortunate 
that tests for immunity cannot be made before the fowls are used for experimental 
purposes. Chicken 61, that shouted the 2 tjpical lesions, later developed an im- 
munit}^, which was probably acquired through tlie infection contracted during the 
experiment. 

The control for the experiment was conducted in a manner similar to that 
employed in the test, with the exception that mosquitoes were excluded from the 
cage. 2 health}’' chiclcens (Nos. 77 and 79) were placed in a cage witli a fowl (No. 
73) that had fresh fowl-pox lesions on the comb. The healthy chickens frequently 
pecked at the warty growths on the comb of the infected fowl. In spite of this 
close contact with the infectious agent, the healthy birds developed no lesions 
during the 12-day period of observation. They w^ere later shown to be susceptible 
to fowl-pox. 

The results of Experiment 18 dearly indicate that mosquitoes, under 
natural conditions, can transmit fowl-pox from diseased to healthy 
susceptible chickens. 
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Nature of the Lesions Produced by Insect hwculatmu 

To present a study of the pathology of fowl-pox is not the purpose 
of this paper. It seems desirable, however, to describe the lesions 
produced by insect inoculation. 

At the points on the comb or wattles of susceptible chickens where infected 
mosquitoes had fed or attempted to feed, minute nodules usually appeared within 
5 to 9 days. Such lesions rapidly increased in size and assumed a grayish, glisten* 
ing, translucent appearance. Frequently within 2 or 3 dajrs the nodules were 
partially transformed into vesicles from which, by means of a capillary pipette, 
small amounts of whitish flxiid rich in virus could be obtained (Figs. 1, 10, 11). 
If undisturbed the lesions continued to increase in size and gradually became large, 
yellowish, warty growths (Figs, 3 and 7). Finally regression and healing super- 
vened and the wart-like scabs fell off, leaving superffdal white scars. In non- 
immune fowls with 2 to 8 lesions, the duration of the disease was 3 to 6 weeks, 
In what appeared to be partially immune chickens, however, the incubation period 
was short, only 4 days at times, and the evolution of the disease was rapid, fre- 
quently requiring less than 2 weeks (see Experiment 9). 

In certain instances, the stained sections of young lesions presented 
a marked hyperplasia of the epithelial cells with little, if any, reaction 
in the corium (Fig. 13a). In the case of 1 fowl, however, a lesion, 
approximately of the same age as the ones above described showed, 
in addition to the hyperplasia, vesicles in the epithelial layer and a 
marked cellular reaction in the corium (Fig. 14a). An explanation 
of this difference in the amount of reaction in the corium is not possible 
at present. Possibly this difference can be accounted for upon the 
ground that the depth of the insertion of the insects' probosds varied 
considerably with each feeding and attempted feeding or that the 
reactivity of the fowls, without respect to specific resistance or immu- 
nity, was not the same in every case. Our impression, however, is that 
the marked early reaction in the corium occurred in a partially immune 
fowl (Experiment 9). This idea is at least in agreement with some 
observations recently TexK)rted by Andrewes (11) in regard to the 
histology of Virus III lesions in partially immune rabbits. From our 
studies it is clear that in some early fowl-pox lesions produced by the 
hites of infected mosquitoes a marked involvement of the epithelial 
cells may occur before any definite evidence of a reaction is discenaible 
in the corium. 
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DISCUSSION. 

To incriminate an insect as an important vector of disease, it is 
essential to establish the fact that it bites readily and comes in close 
contact with the susceptible hosts. The intimate relation between 
fowls and mosquitoes has long been recognized. Furthermore, Cnlcx 
mosquitoes feed readily on birds and are known to transmit bird 
malaria. 

Under the conditions of the e-xperiments reported in the present 
paper it is evident that Cnlex and Ac'dcs mosquitoes are capable of 
transmitting fowl-pox from diseased to healtliy susceptible chickens. 
Moreover, the indications are that these insects may play an impor- 
tant r61e in the rapid and thorough infestations of flocks under natural 
conditions. The question, however, as to whether this mode of trans- 
mission is the most significant one remains to be answered by experi- 
ments conducted in the field. Certainly there is no reason why other 
biting insects may not also be of importance (10). 

While in most epidemics of fowl-pox the lesions occur on the chick- 
ens’ comb and wattles, in occasional outbreaks the majorit)'’ of the 
manifestations of the disease is found in tlie mouth and throat. In- 
asmuch as the mucous membranes are inaccessible to mosquitoes and 
since the eating of virus alone usuall}’- does not result in infection, the 
spread of this type of the disease is hard to relate either to mosquitoes 
or to the simple ingestion of virus. It is possible that another infec- 
tion, e.g., bacterial, may injure the mucous membranes, thus making 
them susceptible to fowl-pox. In this manner a combination of in- 
fectious agents may account for the unusual and frequently fatal form 
of the disease. 

It has been shown that mosquitoes are capable of transmitting fowl- 
pox at various times during the first 14 days following the infective 
meal. Tests at intervals longer than 2 weeks were not made. There- 
fore, the total duration of infectiousness of the insects remains to be 
determined. In view of the fact that the virus is active in minute 
quantities and is highly resistant to drying, the results of our experi- 
ments can be explained entirely upon the grounds that the mosquitoes 
mechanically transmit the disease without the occurrence of any 
multiplication of the virus in the insects. Before definite conclusions 
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can be reached, however, this phase of the problem will require further 
investigation. 

The fact that insects may play a defimte part in the rapid spread of 
certain diseases by mechanically transferring the virus from diseased 
to healthy individuals has been recognized by other investigators (1^ 
16). This applies particularly to the virus diseases of plants (17), 
Nevertheless, from the results of our experiments, it appears that the 
importance of this mode of dissemination of certain virus diseases 
(12) of animals has either been underestimated or not sufficiently 
investigated. 

CONCLUSION'S, 

Ctdex and A^es mosquitoes are capable of transmitting fowl-pox 
from diseased to healthy susceptible chickens. 

The mosquitoes remain infectious for at least 14 days following a 
meal on diseased fowls. 
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EXPLANATION OF PLATES. 

Plate 38. 

Figs. 1 to 3, Photographs of Chicken 47, showing the development of 4 fowl- 
pox lesions caused by the bites of an infected Cvlcx mosquito. 

Figs. 4 and 5. Photographs of Chicken 56 that was inoculated with infectious 
material taken from the lesions on Chicken 47. 

Plate 39. 

Figs. 6 and 7. Photographs of Chicken 51, showung the development of fowd- 
pox lesions induced by the bites of infected Cidcx mosquitoes, a is primary lesion; 
b are secondary nodules. 

Fig. ‘ 8. Chicken 59 witir lesions produced by the bites of infected Culex 
mosquitoes. 

Fig. 9. Chicken 68 with lesions induced by the bites of infected Aedes 
mosquitoes. 

Fig. 10. Chicken 70 with 2 young fowl-pox lesions on the wattle induced by the 
bite of Cvlcx 10, 14 days after its infectious meal. Lesion a was removed for 
histological study (see Fig. 14). 

Fig. 11. Chicken 61 with 2 young fowl-pox lesions on the wattle. The bird 
contracted the disease in a cage in which healthy and infected fowls were placed 
with Culex mosquitoes. Lesion a was removed for histological study (see Fig. 13). 

^ Plate 40. 

Fig. 12. The cage in which the transmission of fowl-pox by mosquitoes under 
natural conditions was tested. 

Plate 41. 

Fig. 13. a represents a section of a young fowl-pox lesion taken from Chicken 
61. Note the hyperplasia of the epithelial cells and the absence of reaction in tlie 
corium. X SO. b represents a normal epithelial cell. X 1200. c, d, c represent 
epithelial cells with Bollinger bodies in tlieir cytoplasm. X 1200. 

Fig. 14. a represents a section of a young fowl-pox lesion removed from Chicken 
70. Note the hyperplasia of epithelial cells, the vesicles in the epidermis, and the 
marked reaction in the corium. X 50. 5, c, d, c represent epithelial cells with 
Bollinger bodies in their cytoplasm. X 1200. 
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HERPES ENCEPHALITIS IN CEBUS MONKEYS. 

Bv HA2sS ZEsSSER, M-D. 

(From Ihe Deportment of BadcrioJogy and Immunology, Harvard University Medical 

School y Boston) 

Plates 42 asx> 43. 

(Received for publication, December 11, 1928.) 

For a considerable number of years we have been attempting to pro- 
duce herpetic encephalitis in monkeys, at the same time that we were 
trying to transfer encephalitis with human material to these animals 
and rabbits. In spite of the occasional reports in the literature that 
if ccaciis rhesus and other species of ilfocacjis were susceptible to herpes 
virus, we were entirely imsuccessful in producing any sort of a disease in 
ihtMacacus species, even with the most potent herpetic strain in our 
possession. We administered the virus intracerebraHy, intraperito- 
neally, and implanteditin large amoxmts, together with agar, under the 
skin. Never did we obtain any reaction in these monkeys. During 
the past winter, ha\dng in our possesion a ringtail monk^ of the South 
American olivaceus spedes, we inoculated this animal with herpes 

intracerebraHy, and found that a disease not unlike that occurring in 
rabbits killed this animal in the course of 9 days. Since that time we 
have attempted to produce encephalitis in Cebus olivaceus monk^s with 
the spinal fluid of several cases diagnosed as probable encephalitis, but 
apart from a curious edema of the face and temporary imwillingness 
to eat, in one animal, coming on about a week to 3 weeks after inocu- 
lation and from which complete recovery occurred, we obtained no 
results whatever. 

Although a Cebus monkey inoculated with the spinal fluid from a 
case at the Boston Ps}^chopathic Hospital did not develop any symp- 
toms winch could be regarded as simulating a true encephalitis, the 
subsequent inoculations of other monkeys carried out udth the brain 
of this one developed into a series of observations which we believe 
sufficiently interesUng and important to record in detail. 

C61 
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Fresh brain from the original spinal fluid monkey, wliich we shall call Cebus I, 
was inoculated intraccrcbrally' on May 21 into Cebus II and into two rabbits. 
The rabbits remained entirely well, not even developing a temperature. Cebus 
II likewise showed no signs of illness, except that 7 days after inoculation it 
developed a swollen edematous area on the right side of the face during a period 
of about a week. The edema then subsided and the monkey returned to normal. 

On July 9, material from tlic first monkey, Cebus I, which had now been in 
glycerol for 21 daj^s, was inoculated into a third monkey, Cebus in, and into two 
rabbits. These two rabbits developed — i days after inoculation — temperatures 
rising to 105.1° in one case and 105.8° in the other, but recovered. Transfers to 
otlier rabbits from Uicsc animals developed no virus effects, and the monkey in 
this series developed no symptoms whatever. 

On August 4, anotlier monkey, Cebus IV, was inoculated, again with material 
from Cebus I, now 45 days in glycerol in tlie ice chest, and this animal also de- 
veloped a facial edema with a few days of apparent illness c\ddcnccd by lassitude 
and loss of appetite. This monkey completely recovered within a week, and 
tliereafter remained well. 

At first we tliought that the facial edema which occurred in three separate 
animals might have some special significance, but concluded tliat it probably was 
due to some injur}’' not anatomically traceable, consequent upon the intracerebral 
inoculations. Cebus III, whicli was killed and examined, had developed upon 
the edematous area a small staphylococcus abcess. We therefore paid no particu- 
lar attention to tlie edema, which we could not then and cannot now explain 
satisfactorily, and preserved these monkeys for subsequent inoculation with 
herpes virus, in order to find out whether the}^ had developed any immunity. 

The above preliminary history of these monkeys is given for the 
purpose of exactitude, although we are inclined to believe at the pres- 
ent time that the previous inoculations had little to do with the sub- 
sequent histories of the animals. This will appear below. 

On October 2, Cclufs IV, above described, now entirely well, was 
intracerebrally inoculated with brain material taken from Rabbit 42 
and glycerolated for 1 week. This rabbit had died tyq^ically after 
inoculation with an herpetic filtrate. At the same time, a normal 
Cebusy Cebus V, was inoculated as a control. The difference between 
these.Wo monkeys was a striking one, both clinically and patIiologicall3L 

Cebus V died as other normal monkeys of tins species have died after inoculation 
with herpes, after an acute illness of 9 days. Cebus IV, however, did not show any 
signs of illness until the 10th day after inoculation. On October 12 it developed 


'Ether anesthesia was used in all ooerative experiments. 
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an unwillingness to eat, tremors and lassitude. This on subsequent days developed 
into a state of somnolence which by October 15 and 16 was so marked that the 
monkey squatted in the comer of the cage, rarely changing its position, swajing to 
and fro with its eyes closed and ob\iously asleep. The onl}^ movements were 
occasional twitchings of the arms and legs. This condition continued day after 
dav. When aroused and offered food, the monkey would eat and occasionalh^ 
would make uncoordinated and purposeless wa\ing movements with the hands, 
alternating with tremors. Immediately upon being set back into the cage, it 
relapsed into deep somnolence from which it rarely roused itself spontaneously. 
Wlien the limbs w ere extended, they w ent into a temporan" spastic condition. The 



'Fext-Fig. 1 . Habitual position held by Cthus IV while somnolent during a period 
beginning 12 days after inoculation and lasting \mtil killed, 24 days after 
inoculation,- 

monkey was examined during this period by Dr. Stanley Cobb and in its general 
clinical condition displayed a Upical encephalitis of an acute t>'pe. On the 24th 
day after inoculation, the animal seemed to be a little more lively, and in order 
that we might obtain material for the study of the pathological condition as it 
then existed, the monkey was etherized and the neiv^ous system removed. 

Inoculations were made from the brain of Cebus V, which died 
acutely, into another monkey, Cebus VI, and into two rabbits — all of 

= M the photographs ^cre taken by Dr. S. Burt Wolbach, to ^hom I r^ish 
to express my appreciation and thanks. 
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which died acutely and witli typical signs of licrpes, proving that the 
condition of which the control monkey had died was one of herpes. 

hlaterial from CcIks IV, the one with prolonged somnolence, was 
inoculated into another monkey, Ccbiis VIII, on November 2, and this 
monkey has shown nothing to date. We neglected at this time to 
inoculate rabbits from this monkey, but when~by November 15— the 
virus of Ccbiis IV had failed to kill a monkey of the same species, while 
the virus of its acutely dead control Cebus V, had killed promptly, we 
inoculated two rabbits with the material of Ccbiis IV, since it seemed 
that during the chronic condition in this monkey the virus had become 
cither attenuated or destroyed. The material by this time had been in 
gl}''cerol since October 25, and of course it was an experimental error not 
to hare inoculated rabbits immediatciy, ivith the fresh material. This 
rabbit died of t 3 ^pical, acute herpes. The problem inA’olved will be 
discussed below. Te.xt-iig. 1 is a photograpli of Ccbiis I\^, Avhich re- 
mained somnolent, in the position wliich it held practically Avithout 
change Avhile asleep for 12 days. 

The most interesting part of our experiments — ^indeed, the findings 
Avhich encouraged hii to publish them— are the pathological examina- 
tions of the bfains. Although all three monkeys of these experiments 
had the same A'irus, Ccbifs I\^ Avas killed after a prolonged somnolence, 
Avhereas V and died acutelin The differences in the length of time 
for Avhich these monkeys sfimA’^ed seem at the same time to haA’^e in- 
Amh'ed important differences of the pathological picture. 

The folloAving pathological report is one AAdiich AA^as A'^erj'- kindly pre- 
pared for us b}'’ our colleague. Dr. Wolbach, AAdiose assistance aa'c solic- 
ited in order to be sure that there aa'^ouW be no mistake in the patholog- 
ical interpretation. 

Cebus IV . — (This is the monkey which showed no symptoms wliatevcr for 12 
daj"S, on tlie 12 th day developed tlie picture of encephalitis described above and 
was killed 12 da3's after the onset — that is, 24 daj's after inoculation.) 

Eight sections of the spinal cord representing different IcA'els are negative. 
Three sections of tlie cerebellum show no lesions. Two sections tlirough the 
basal ganglion, presumabh’’ the caudate nucleus and underljdng internal capsule, 
and two sections through the pons and medulla show very numerous and fairb' 
striking perivascular infiltrations, alwaj's about blood A^essels of medium size. 
The cells consist chiefl}' of hunphoid and plasma cells, but tliere are manj' cells that 
have tlie characteristics of mononuclear phagocytes, rarelj", however, containing 
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inclusions. There are also cells that seem to be of connective tissue origin. ^ This 
is borne out by the fact that there is undoubtedly an occasional minute dcatrix that 
has formed in the adventitia, rarely an eosinophil cell. In the immediately 
adjacent zone of nerve tissue there has been an increase of neurogha and in the 
pons and basal ganglion remote from blood vessels of any size are small collections 
of neuroglia, resembling \try much the late t>‘phus lesion and in some instances the 
glia stars o£ Spielmeyer. These perivascular infiltrations are most abundant and 
most striking beneath the epend>Tna of the lateral ventricles in the basal ganglion 
and beneath the epend>Tna of the fourth ventricle. The minute glia cicatrices are 
foimd chiefly in the nuclei of the pons and in the basal ganglia on both sides of the 
internal capsule, and therefore presumably both in caudate and lenticular nuclei. 
The cerebral cortex is represented by five sections, all of vrhich show lesions. In 
one section there is very striking diminution of ganglion cells, and it is possible 
to determine the former location of ganglion cells by clusters of neurogHa. The 
more acute lesions are represented by clusters of cells, the satellite cells, but 
throughout there is a very pronoimced increase of astroQ-tes. In this region the 
perivascular infiltration is very striking. The vessels are surroimded by broad 
zones of cells composed of l>Tnphoid, plasma cells and an occasional macrophage, 
a rare eosinophil and fibroblasts arising evidently' from the adventitia of the 
vessel. The pia and arachnoid over this region are heavily infiltrated and here it is 
possible to see that there has been a verj^ considerable increase of connective tissue, 
but the picture is again dominated by lymphoid, plasma cells and macrophages. 
There are a Jav degenerative gan^on cells in this r^on with greatly swollen 
nuclei filled with a finely granular, deeply eosin-staining material. These resemble 
vety closely the inclusions described by Lipschiitz (1) and, recently, by Good- 
pasture (2). The inclusions are typical of herpetic lesions in rabbits. They 
were described by Goodpasture in ganglion cells and in other tissues. There is a 
very marked increase of neuroglia cells of the astrocyte tjpe beneath the glia, 
and everywhere throughout the cortex there is an increase in cell richness. Numer- 
ous cells contain large vacuoles and agree in appearances with the oligodendioglia 
cells which seem on the whole to be increased in numbers. To summarize, the 
brain of this monkey shows in basal ganglion, pons, medulla and cerebral cortex 
many perivascular infiltrations. In the gray matter of all these locations there are 
numerous minute neuroglia cicatrices. In the cortex there are more recent lesions, 
as evidenced by the finding of degenerated ganglion cells, and neuionophagia. 
The degree of perivascular infiltration and infiltration of the leptomeninges 
corresponds to lesions foimd in human cerebral trypanosomiasis. There are no 
vi^cular thromboses. Careful search fails to reved any recognizable parasites or 
nucroorganisms of any sort. 

^ ^ Ccbus (This is the monkey which died of acute encephalitis 8 dzys after 

inoculation.) 

There arc sections from five difierent portions of the cortex and underlj-ing 
white matter. Sections representing three difierent regions show a vridespread 
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involvement of the cortex evidenced by lesions of individual ganglion cells, increase 
in satellite cells and an early perivascular reaction. None of these changes are 
conspicuous as obscr\^cd through the low power. The outstanding feature to be 
observed with the low power is the swelling of nuclei and the presence of nuclear 
inclusions. Many of the ganglion cells containing these inclusions show little 
change. Others show vcr>^ marked degenerative changes. The inclusions are 
those Ijpical of the herpetic infection cis described by Goodpasture, Lipschiitz 
and many otiicr authors. The earliest form seems to be a deeply staining, irregu- 
lar, somewhat ameboid appearing inclusion. In every instance there is disap- 
pearance of the nucleolus. Later stages are represented by nuclei very markedly 
distended, outlined by a deeply staining, nuclear membrane, presumably contain- 
ing peripherally displaced chromatin bodies. The inclusion itself in these con- 
ditions seems to consist of a mass of finely granular, neutral staining material. 
With tlie highest powers and best illumination, one gets the impression that it is 
composed of minute granules, tightly packed together. These degenerative 
ganglion cells containing these nuclear inclusions are alwa^'s accompanied by 
several greatly enlarged satellite cells, and neuronophagia is in progress. Here 
and tlicre tliroughout the cortex there are accumulations of cells in and about tlie 
adventitia of the blood vessels. These cells are of an indiscriminate tA^pe for the 
greater part and resemble macrophages or arc young fibroblasts. Onl}' occasion- 
ally can cells be identified as belonging to the lymphoid series. The appearances 
on the whole arc those that give support to the idea that the lymphoid and plasma 
cells in perivascular infiltration arise from indifferent cells which take origin in the 
adventitia of blood vessels. There are a few foci where there is a much greater 
reaction, where ganglion cells are completel}’^ necrotic and surrounded by clusters 
of enlarged phagocytic cells. Around capillaries tliere are occasional polymor- 
phonuclear leucocytes. In these areas and in less focal distributions there is a 
much more pronounced perivascular infiltration. Ever}'’ ganglion cell is involved, 
— that is, containing nuclear inclusion with degeneration of the cell bod 3 ^ There 
are numerous polymorphonuclear leucocytes adjacent to the cells and migrating 
through tlie brain itself, and also in tlie zone of perivascular infiltration. Rarely 
there is an eosinophil about a blood vessel. The meninges show ver>' little diange. 
There is a slight infiltration unth cells tliat appear to be of the I}Tnphocytic series, 
although larger tlian the cells in Ccbits IV (Fig. 3). Here again, are undifferentiated 
cells in the pia which could be taken either for fibroblasts or macrophages and sug- 
gest origin i?i situ of the bonphoid and plasma cell so common!}^ found in encephalitis 
of diverse causation. Without going into great detail, one can characterize this 
brain by saying that there is an extraordinarity widespread or diffuse involvement 
of the ganglion cells resulting in their degeneration, the formation of nuclear inclu- 
sion and the usual response on the part of tlie satellite cells. The acuteness of the 
process is evidenced by the appearance of polymorphonuclear leucocytes and the 
early reaction around blood vessels and in the meninges. If I should venture a 
guess, I should express the opinion that this slide indicates that the initial damage 
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to the brain, has been in the ganglion cell of the cortex. In other words, that there 
has been a specific localization of the injurious agent in the cell. The other changes 
can be interpreted as secondary to the destruction or the ganglion cells. The 
suggestion by Lipschutz that these inclusions are due to the actual presence of the 
virus is not difficult to believe after seeing these preparations. 

Figs. 1 and 2 represent the t>iiical, perivascular infiltration in the brain of the 
monkey with the more slowly progressing condition, simulating human encephali- 
tis. Fig. 4 is a high power drawing of the swollen, degenerated nuclei and nuclear 
inclusions foimd in such large numbers in the monkey which died in 8 daj'S. 

DISCUSSION, 

The obsearvations vrluch vre have outlined reveal that Cebus oKvaceus 
monkeys inoculated with the identical herpetic virus may react in two 
quite different ways, both dinidally and pathologically, according to 
the acuteness with which the disease progresses. In the monkey which 
died acutely in 9 days, we have a dinical picture which has no definite 
similarity to human encephafftis, but resembles in its dinical and 
pathological features the condition observ’^ed in rabbits after inocula- 
tion with herpes virus. The lesions in this acute animal involve the 
ganglion cells and changes in the nuclei with the nudear indusions 
described by Lipschutz and by Goodpasture and Teague (3) in the 
brains of rabbits. The perivascular infiltrations observed in the typical 
encephalitic disease of man are relatively undeveloped and of a minor 
type. 

In the more chronic form of the disease, on the other hand, in which 
we had a dinical picture strikingly like that of encephalitis in man, the 
pathology as well is one more closely resembling that of man, and 
although there are a few areas with nudear indusions and changes 
similar to those observed in the acute animal, the perivascular 
infiltrations and other changes are remarkably like those of human en- 
cephalitis. 

It woidd appear from this that the samevirus,whennotacutely fatal, 
produces lesions quite cfifferent from those in the acute cases; the 
differences in picture being to some extent, therefore, dependent upon 
the length of time and the violence with which the agent is active in 
the central nervous system. In following the sequence of our experi- 
ments, the thought is obvnous that perhaps Cebus JV, the animal which 
was more chronically ill and might have recovered, was partially 
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immunized by a preceding inoculation some months before with the 
brain of a monkey into which material from a case of human encepha- 
litis had been injected. This would be significant etiologicall3% were it 
maintainable; but we are inclined to believe that the difference between 
this monkey and several others that have died acutely is one of varia- 
tion of susceptibility in the individual animal, which becomes manifest 
when a virus of somewhat reduced potency is used. 

Of considerable interest, also, is the fact that a Cebus monkey and 
two rabbits inoculated with the brain of the acute monkey died typi- 
cally of acute herpetic encephalitis, whereas a similar monkey inocu- 
lated with the brain of the clironically diseased animal has shown no 
sjrmptoms to date. This observation would indicate that there was 
some attenuation of the virus in the case of the more prolonged patho- 
logical reaction in this animal, a condition which has been referred to as 
autosterilization by Levaditi, and might explain the almost universal 
failure of transmission to animals with materials from human encepha- 
litic cases. It must, however, be mentioned that subsequent inocu- 
lations of rabbits with the brain of this chronic monkey produced typi- 
cal herpes encephalitis. 

Our experiments have shown that, given the proper degree of balance 
between infectiousness and resistance in a susceptible species of monkey, 
herpes virus may give rise either to an acute disease resembling clinic- 
ally and pathologically the acute herpetic encephalitis of rabbits, or 
to a more prolonged malady in which both clinical features and 
pathological lesions are strikingly similar to the human disease. 

We have no idea that this solves the problem of the etiology of 
epidemic encephalitis, in the sense of an acceptance of the herpes virus 
as an etiological factor. It merely shows that the typical clinical and 
pathological pictures are as closely dependent upon acuteness or chron- 
icity of the disease as they are upon the nature of the virus. Indeed, 
in the years during which we have unsuccessfully attempted to transfer 
human encephalitis to rabbits and monkeys, we have had occasion to 
obtain material from spontaneous encephalitis, from encephalitis 
following vaccination and from a recent case in which an apparently 
typical encephalitis followed treatment with phenolized rabies virus. 
The literature cites encephalitis as most frequentl}'- following influenza, 
vaccination, measles, varicella — all of them, except influenza, so 
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called ‘‘fiitrable virus diseases/’ and influenza still uncertain in its 
etiology. 

It ^vould seem to us most rational on the basis of our ovm experience 
and the general experience of others to assume for the present that the 
dinical and pathological injuries grouped together as encephalitis 
might be due to the development of neurotropism by a number of 
different filtrable agents, and that the similarity in pathology is 
due to an analogous reaction on the part of the tissues to various mem- 
bers of a single group of dosely related agents. The fact that Rivers 
and Stewart (4) have recently been able to produce encephalitis with 
Virus in would seem to further encourage the idea that encephalitic 
disease represents a clinical group in which herpes virus may be occa- 
sionally responsible, but in which the neurotropism of a considerable 
number of other filtrable agents is involved. 

CONCLUSIONS. 

Herpes \irus which ordinarily produces in Cehcs olivacens monkeys 
an acutely fatal encephalitis dosely resembling in time, symptoms and 
pathology the acute, herpetic disease of rabbits may — in more resist- 
ant individual monkeys — ^lead to a more prolonged malady which, 
while unquestionably produced with herpes virus, simulates with con- 
siderable accuracy the human disease of acute encephalitis, in symp- 
toms, in course and in pathological changes. 
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EXPLANATION OF PLATES. 

Plate 42. 

Sections were stained both by the ordinary hematoxylin-eosin and by the 
Giemsa method. The latter was the method that showed cellular details most 
satisfactorily. 

Fig, 1. Section through brain of Cchus IV, monkey with topical encephalitis 
showing perivascular infiltration.' * 

Fig. 2, Section through the same brain as Fig. 1. 
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PlJVTE 43, 

Fig. 3. Brain of a monkey with acute encephalitis. To show the condition of 
the nuclei and inclusion bodies. 

Fig. 4. Oil immersion drawings of nuclear swellings and inclusions in the 
ganglion cells of the brain of Cebus V, the control on Cchns IV, but which — ^in 
contrast to Cebus IV — died acutely. 
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A STRAIN OF BACILLUS ABORTUS FROM SWINE. 

By THEOBALD SMITH, UJ). 

{From i\\t Dcparijncni oj Animal PaUwlogy of The Rockefeller Itisiitufe for Medical 
Research, Frinccion, N. /.) 

(Received for publication, December 26, 1928.) 

The economic significance of abortion among swine and the evi- 
dence already presented that the particular race or races of Bacillus 
abortus causing this disease may be involved in undulant fever of man^ 
justify a rather detailed study of this disease and the strains of 
Bacillus dborius associated with it. 

A review of the early work with the porcine disease was published 
in 1926.^ The evidence up to that date, though quite incomplete, 
pointed to an identity with the bovine races in terms of specific agglu- 
tinins but to differences in growth in sealed and unsealed cultures and 
in the lesions produced in guinea pigs. In these animals suppuration 
following the characteristic proliferation of monocytes into tuberde- 
like fod in this whole group was stressed as an important feature of 
the porcine races of Bacillus abortus. At that time no original strains 
were obtainable. 

Late in May, 1927, our attention was called to an outbreak of swine 
abortion in the herd of a State institution.^ With the effective co- 
operation of the State authorities we were able to obtain a few fetuses. 
At the same time it was learned that the animals had not been fed 
cow’s milk and that the garbage from the institution was not heated 
before it was fed. The yards were infested with rats. There had been 
no record of abortion in this herd prior to March of this year. When 
it occurred the aborted fetuses and membranes appeared decomposed 
to the attendants. A wlnte visdd discharge appeared around the 
\nilva of the affected sows. There had been no fresh pigs introduced 

^ Smith, T., J. Exp, Med,, 1926, xlui, 207. 

- Smith, T., J, Exp. Mcd„ 1926, xliu, 215. 

= The \xnict is indebted to Dr. R. B. Little of this .Department for data and 
material from this outbreak. 
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into the herd except a boar in 1926 which came from a herd free from 
the disease. Since the porcine disease has been subjected to but little 
detailed study, perhaps owing to its relatively infrequent occurrence, 
the notes on the several cases are briefly reproduced here. 

No. 401. — ^Fetus of sow, reported to have been born dead and buried soon after. 
The matter was^ of suflicicnt importance at tliis time to warrant tlie recoveiy and 
study of this fetus, which had been buried overnight. Autopsy indicates that fetus 
had breathed. Several pieces of straw from bedding had penetrated into thorax 
and abdomen. Stomacli empty, inflated with gas. Organs not noticeably 
affected. The placenta obtained in part shows irregular tliin white patches of 
rather tough consistency, 1 to 2 cm. in diameter, which are readil}’' peeled off the 
chorion. They resemble fat. Under tlie microscope the material composing tliem 
is amorphous and yields gas when 2 per cent HCI is passed under cover-slip. 
No exudates or ulcers noticed. 

Owing to the condition of the fetal carcass only cultures from heart's blood and 
liver were made. In both blood cultures about 25 colonies appeared within 3 days. 
Colonies vary from ^ to mm. in diameter, and are convex, grayish, glistening. 
In the liver culture the same type of colon}'' appeared. These were later identified 
as B. abortus. 

Sow 402. — ^Discharged two fetuses (402a and 402b) June 2, 1927. Duration of 
pregnancy 7 to 8 weeks. Fetus 402aj 23 cm. long, from tip of snout to root of tail. 
Slight effusion of clear serum in serous cavities and pericardial sac. Heart pale, 
aimost white. Liver and kidneys full of blood. Stomach contains a glass-clear 
thick fluid, resembling aqueous humor. In it many fecal pellets. Lungs not 
inflated. Only a small piece of placenta obtained. On it minute gra}dsh deposits. 
A few cocci seen in films from it. 

Fetus 402b, identical as to size and condition with 402a, About one-half of 
placenta obtained. The surface of the chorion is overlaid with very thin isolated 
grayish patches, 2 to 3 mm. in diameter. A few lumps of exudate l}dng on surface. 
Films of scrapmgs show masses of cells, chiefly polymorphs, many containing three 
or more bacilli a trifle larger than the bovine type of B. abortus. Some are spindle- 
shaped. The subchorionic tissue is slightly edematous. 

Cultures from these fetuses gave the following result; 

402a. — Cultures of spleen bit and stomach fluid sterile; of heart's blood contain 
a streptococcus; of lung and liver, rich growths resembling B. coli. 

402b. — Cultures of stomach contents and liver remain sterile; of spleen contain 
a large coccus. A tube inoculated with heart’s blood has a heavy growth above 
the condensation water; on the slope two small colonies later identified as B. 
abortus. Subcultures from these colonies develop in 24 hours without seal. The 
growth is moderately heav}'' in 48 hours. 

Sections of hardened tissues from various organs of Fetuses 402a and b did not 
bring out any recognizable lesions. Similarly sections of the placentas were 
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BCgative. In view of the definite lesions found in the fresh matenali the sections 
probably did not pass through any diseased areas, 

Scnv Farrowed a litter of 9 small living pigs. On the assumption that the 
uterus might contain B* ahorinSj a swab was introduced into the vagina to collect 
a whitish viscid discharge which had appeared. This was stirred in bouillon and 
two guinea pigs inoculated subcutaneously with the clouded suspension. Wlien 
killed 29 days later both animals had gained considerably in weight. The autopsy 
and spleen cultures were negative in both cases. 

Sow 404 . — Farrowed a litter of 5 pigs of which 2 were bom dead. These were 
buried together with parts of placenta. Next day, the fetuses were dug up and a 
uterine swab obtained from the sow. 

Fetiis ^a.—Male, 35 cm. long. Abdomen contains fluid blood. Lungs not 
inflated. No abnormalities noted. In making cultures bits of tissue and several 
drops of stomach fluid were transferred. Pure cultures of dboriiis were obtained 
from liver, heart’s blood, lungs, and stomach fluid. Only a few colonies de- 
veloped in spite of the large inoculum. All are convex, almost hemispherical 
droplets, grayish, glisterdng, partly translucent, measuring 1,5 to 2 mnu in 
diameter. 

Fetus 404b. — ^Male, 32.5 cm, long. Left lung almost fully inflated; right airless. 
Stomach contains blood, l^scera normal in gross appearance. Both culttires 
containing heart’s blood developed a mixed growth of several species. The liver 
culture remained sterile. In both tubes contaming stomach contents growth 
appeared above the condensation water in 24 hours. On the 2nd day a heavy 
crop of minute colonies appeared on the slant, identified as pure cultures of 
B. aboritts. 

It appears from the foregoing protocols that badlli resembling 
Bacilhts abortus were isolated from the fetuses of 3 out of 4 sows. 
The fourth sow had a normal litter and was evidently not a carrier. 
Contrasting with bovine abortion, the distribution of bacilli in the 
fetuses was more general since cultures were readily obtainable from 
hearths blood and internal organs. In the bovine fetus the badlli 
are in most cases limited to the digestive and pulmonary tracts and 
are sometimes wholly absent. The pordne fetuses examined showed 
no visceral lesions. The placentas obtained showed exudative proc- 
esses resulting in thin excrescences. The nature of the peculiar fat- 
like expansions found on the placenta of No- 401 has not been 
eluddated. 

Concerning the strains of Bacillus abortus obtained from the three 
sows or their litters, it may be stated briefly that they were identical 
so far as our comparative studies went. They all grew readily in 
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unsealed tubes and growth was visible wthin 2 to 3 days. The seal- 
ing had a distinctly retarding effect before or after the colonies had 
appeared. The rate of growth is best illustrated in the following 
experiment. 

From a colony (401) a trace of growth is transferred on a platinum wire to S cc. 
bouillon and the latter tliorouglily shaken. A loop of this suspension is trans- 
ferred (a) to an agar slant whidi is sealed witli sealing wax, and (b) to one having 
the lower end of the cotton plug just dipped in paraffin. To (r) unsealed the plat- 
inum wire transfers directly a trace from tlie colony. After 28 hours the bouillon 
suspension is distinctly clouded. ((;) has a fairly good film. After 48 hours (a) 
and (p) are now covered with a dense layer of minute colonies. Those in (i) are 
2 or 3 times the si^e of those in (a). 

Pathogenic Action on Guinea Pigs , — Strain 401 isolated directly 
from a fetus was also recovered from guinea pigs as follows: The con- 
tents of a coil of the small intestine of fetus were suspended in bouillon 
and injected into two animals. 

Guinea Fig 4180 , — ^Weight 510 gm. Received subcutaneously 1 cc. suspension 
of fetal intestinal contents. Killed after 30 days. All subcutaneous l>Tnph 
nodes swollen to about twice original dimensions. A necrotic focus in right 
kneefold node. A moderate number of minute grajdsh points showing under 
liver capsule. Spleen markedl}'* congested. Dimensions twice normal. On 
section follicles irregularly enlarged. In two agar slants containing a bit of spleen, 
one sealed, growth appeared within 2 days in the imsealed tube. To hasten growth 
the sealed tube was pierced with a hot iron rod. 2 da^^s later growth had begun 
in this tube above the bit of tissue. 

Guinea Fig 418L — Weight 470 gm. Chloroformed after 30 days. Lesions as 
in preceding animal. Cultures containing spleen bits show after 2 days about 100 
characteristic colonies. 

Two guinea pigs were later on inoculated with suspensions of pure 
cultures. 

Guinea Fig 422L — ^Received subcutaneously J cc. of a 1/375,000 dilution of an 
agar slant. The dilution is prepared by washing the entire growth into the con- 
densation water, which is equal to ^ cc. This is furtlier diluted to the titer indi- 
cated. Gmnea pig killed after 26 days. Left kneefold and axiUarj’’ nodes swollen 
and contain firm, yellow, 1 mm. foci. Other nodes inconspicuous. Spleen 
markedly congested. Dimensions twice normal. Minute gra}nsh foci on section. 
Under liver capsule minute gra>'ish foci. Cultures from spleen positive. Tubes 
contain several hundred typical colonies. 
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Guinea Fig Receives the same culture but diluted only to 1/1250, into 

peritoneal cavit>^ Chloroformed in 25 days. Subcutaneous l>Tnph nodes swollem 
Spleen extremely full of blood. Dimensions 21* to 3 times normal. Cultures as in 
preceding case. 

Bacillus aiorius vras isolated from the uterine sn’ab of Sow 404. The lesions 
produced are like those of Strain 401. 

Gtinca Fig ^232.— Reedves subcutaneously 4 cc. of a turbid bouillon suspension 
of swab from Sow 404. Chloroformed in 21 days. At point of inoculation an 
abscess in the subcutis. Nearest kneefold lymph node, bean size, with still 
firm, necrotic foci. Spleen congested. Dimensions twice normal. Surface 
sprinkled over with nunute grayish points. Spleen cultures contain several 
himdred colonies. 

Giinea Fig ^23/.— Receives 1 cc. of same suspension. Killed in 21 da>'s. 
Lesions as in preceding animal with the addition of four small abscesses in omen- 
tum. Spleen and omentum cultures develop countless colonies. In cultures 
from both animals; the growth in the sealed cultures was much retarded or else 
absent until seal penetrated and tubes reincubated. 

Cultures of Bacillus abortus having identical characters in culture 
and in guinea pigs were thus isolated directly and through guinea pigs 
from 401 and 404. Material from 402 was not passed through guinea 
pigs. 

Aggluiiuation Reactions , — To determine the serological relationship 
between the swine strain and bovine types a culture recently isolated 
from a case of bovine abortion and serum from an old bovine carrier 
of Bacillus abortus^ probably in the udder (No. 930), were used. The 
cow had carried agglutinins in her blood for a number of years. 
The swine sera were obtained by bleeding the sows from the t^. 
The absorption tests were perfonned as follows: 

A Blake bottle containing nutrient agar was inoculated and incubated 48 hours, 
A suspension in normal salt solution was made which was 11 times the densitj" of 
2.4 on the Gates scale. 1 cc. of serum was mixed with 4 cc. of the suspension and 
centrifuged. The deposit was stirred up, incubated 2 hours, and centrifuged. 
The clear serum in a 1/5 dilution was tested in hi^er ddudons as indicated in 
Table I. 

Reciprocal agglutination and absorption tests rvitb a strain from 
swine are given in Table I. 

The irregular inhibition of agglutination shown in this table is also 
e\ndent in tests to be reported below. The serum of the cow is equaUy, 
but not completely, absorbed by cow and pig strain. 
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In Table II are recorded additional direct and cross-agglutination 
tests. Certain irregularities are also ewdent in these data. The 
serum from a normal pig was free from agglutinins towards swine 
strains. A test not tabulated showed complete absence of agglutinins 


TABLE I. 
Scrum of Cow 930. 
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Absorption Test. 


(Absorbed with 
Strain Swine 402) 

Scrum of Cow 930 

■ 

Cow 1373 

Swine 402 

c 

c 

+ 

+ 

B 

1 


■ 

1 

■ 

■ 

1 


TABLE II. 


Cross-Agglutination Tests {Cow and Swine Sera). 
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Sow 402 


towards the cow strain in dilutions as low as 1/10. The additional 
sows included in this and the following test are from the infected herd. 
No. 460 is a young pregnant sow, evidently not infected. No. 461 is 
also a young pregnant sow, showing in her serum a high agglutinin 
content. No. 462 is an old sow, also with a high agglutinin titer. 
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In Table III are given comparative tests oi the swine sera with 
strains from s^Yine and Cow 1373. 

Here again the serum No. 460 appears free from specific agglutinins. 
The blood of infected Sow 402 is low in agglutinins. The rest are 
high. Both cow and swine strain show the irregular inhibitions with 
the maximum agglutination and subsidence of the bacteria around 
1/160. 


T.ABLE m. 

Agglulinaiion of Strains from Cou’ 1373 and Sow 401 by Various Sera from Infected 
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The Effect of Feeding CuUitrcs from This Outbreak on Swine . — Only 
one experiment has been completed to date. 


Sow 344, bom June. 1925. Last litter May 4, 1927. Late in September the 
sow was put into an outdoor enclosure provided with a small house for shelter on 
soil not overmn by swine for at least 13 years. .A Blake botUe conteining an 
agar layer was seeded uith strain from Snine 401, now 5 months under cultiva- 
tton and meubated for 2 days. On Oct. S. 1927, the sow was fed with the salt 
soluuon suspension of the entire culture mixed with dissolved powdered milk 
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The SOW gave birth to two normal young on October 19. Placental material was 
not recovered nor any material indicating tlic birth of dead pigs. The agglutinin 
reactions of the blood of tlic sow on the da}' of feeding and the day following 
farrowing are given in Table IV. 

Following the farrowing, a swab was inserted into the uterus and 
the attached material suspended in normal saline and injected into the 
peritoneal cavity of two guinea pigs. Both Avere chloroformed after 
46 da 3 'S. Autopsy and cultures tvere negative. At the same time 
two guinea pigs received an intraperitoneal injection of the soav’s 
milk. Both, killed after 46 da 3 'S, had large spleens and other lesions 
diagnostic for Bacillus abortus infection. Pure cultures of Bacillus 
abortus Avere obtained from spleen tissue. The guinea pig lesions 


TABLE IV. 

Agglulinalioit licaclioiis of So7v before and after Infection. 


Senim dilutions 


Blood drawn 

O 

o 

C'l 

s 

o 

oo 

091/1 

1/320 

l/6\0 

1/1280 

October S 

++ + + 
++++ 

+++ + 
++ + 

C 

++++ 

++++ 

c 

+ 

c 

+++ 

+ 


“ 20 



resembled closely those produced originall}' b}' the culture fed. 
The significant result of this experiment is contained in the fact that 
the organism fed became located in the manunar3' gland and not in 
the uterus of the pregnant soav. The agglutinin test before infection 
suggests possible infection of the soav Avith Bacillus abortus, but tests 
on other sows of the herd yielded nearly the same figures. The herd 
has been free from abortion and recent tests of the milk from four 
sows on guinea pigs Avere entirel}' negative. 

In the spring of 1928, the attention of this Department AA'as called 
to an outbreak of SAvine abortion in another State institution.'’ The 
soAVS gave birth to large litters of Avhich most died on the same da}'. 
Material from uterine SAvabs and soav’s milk Avere injected into a large 
number of guinea pigs. All of these AA'hen killed 4 to 6 Aveeks later 

The writer is indebted to Dr. Henry VL Dustan for material from this 
outbreak. 
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vrete nonnal and cultures of -the entire, small spleen negative. Simi- 
larly cultures made from the organs of four new-born pigs were 
negative. 

In this outbreak Bacillus ahorliis evidently played no part. The 
work is mentioned here so that those entrusted with the investigation 
of such outbreaks on the spot do not fail to consider causes other 
than infection with Bacillus aborius. 

SHMMAKV. 

The outbreak of infectious abortion in swine, probably the first 
reported from the eastern United States, was associated with a strain 
of Bacillus abortus growing rapidly on ordinary nutrient agar slopes 
without seal and presenting certain slight pathological deviations from 
the bovine form of disease m guinea pigs such as the occurrence of 
necrotic, suppurating fod in spleen and lymph nodes. Agglutination 
tests, comprising both aoss-agglutination and absorption procedures 
failed to distinguish the strain from the bovine type. The gross 
appearance of the fetuses from this outbreak was normal. The shreds 
of placentas obtainable indicated slight erosion of the chorionic epi- 
thelium and some exudation. The specific bacilli were quite widely 
disseminated in the tissues of the fetuses. The pathogenic action of 
this swine strain on guinea pigs was evidently much feebler than that 
of most earlier swine strains as reported and it approached more 
dosely that of bovine strains. The culture fed to a pregnant sow 
failed to produce abortion, possibly because of the advanced stage of 
pregnancy. The organism was not recovered from the uterus but 
was found in the sow’s milk. 




THE REACTION OF HUMAN BILE AND ITS RELATION TO 
GALL STONE FORivIATION. 

By JOHN G. REINHOLD and L. RRAAER FERGUSON, M,D.* 

(From ihc Biochemical Laboraiory of the Philadelphia General Hospitalj the Bio- 
chemical Department of the Graduate School of Mediewe, and (he Dcparlment 
of Surgery {Division C), Unkersiiy of Pennsylvania, Philadelphia,) 

(Received for publication, December 28, 1928.) 

Little is knovm concerning the chemical changes occurring in bile 
which lead to the formation of calculi, even though the problem of gall 
stone formation has attracted a great deal of attention over a long 
period. This absence of knowledge is espedally evident with respect 
to the acid-base equilibrium of the bile. The suggestion has been 
made repeatedly that the concentration of hydrogen ions may be one 
of the factors which governs the solubility of calcium and the bile 
pigments. In addition, some evidence exists that the solubility of the 
cholesterol is influenced by the reaction of the bile. 

Of the few researches that have dealt with the hydrogen ion concentration of 
bile, only those of Drur>% ^IclHaster and Rous (1) and of Stem (2) have con- 
sidered its possible e2ect upon gall stone formation. The work of the former 
confirmed the observations of Okada (3) and of Neilson and Meyer (4) that bile 
from the gall bladders of animals was more acid than bile which had been freshly 
secreted by the liver. They found similar differences in human specimens, and 
observed further that the aridity of dog bile increased progressively with the 
time of its stay in the gall bladder. A study of the calcium concentration showed 
that it rose and fell with the hydrogen ion concentration and that calcium car- 
bonate and cholesterol were precipitated from alkaline bile, whereas acidification 
prevented the precipitation. Neilson and Meyer had previously found that the 
diseased gall bladder of the rabbit was unable to change the reaction or the con- 
centration of the bile. On the basis of these observations, Drur>’, J^IcMaster 
and Rous suggested that one of the functions of the gall bladder was to acidify 
the bile and in this way increase its solvent power for calcium and perhaps cho- 
lesterol. Failure of the gall bladder to function in making the bile more add. 


* Agnew Fellow in Surgery', Umversity of Pennsylvania. 
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particularly while it is being concentrated, presumably would be followed by pre- 
cipitation and possibly by calculus formation. Recently Drury and Rous (5) 
attempted to test this hypotliesis experimentally by altering the gall bladders of 
dogs and rabbits so that the bile would not become more acid during its storage 
in the gall bladder. In one case gall stones formed, although the experiment 
was complicated by bacterial infection. The work of Stern (2) is based on his 
study of cholesterol hydrosols. It is his belief that gall stones are formed because 
of an abnormally increased hydrogen ion concentration in the bile; however, his 
attempts to form concretions by massive administrations of acid to animals >verc 
unsuccessful. 

Before either of the hypotheses just described is accepted more direct 
evidence is needed. In our work, therefore, the hydrogen ion concen- 
tion of human bile has been studied in order to ascertain whether gall 
stones are assodated with a change in its reaction. In connection 
with this study additional evidence was obtained relative to the action 
of the gall bladder in modifying the pH in the bile. 

Method. 

The specimens were aspirated from the gall bladder in situ at operation or im- 
mediately after its removal witli the clamps left in position on the cystic duct.^ 
A syringe was used for withdrawing the specimen. Exposure to air witli subse- 
quent loss of COo was avoided. 

Fistula bile was collected under mineral oil, care being taken to keep tlie 
drainage tubes filled with bile and free from air bubbles. It was difficult to do 
this and several experiments were invalidated because of changes in tlie bile 
brought about in this way. Our experience in collecting bile from fistuLne suggests 
that the more alkaline values commonly reported for fistula bile may be the 
result of unsuspected losses of CO 2 within tlie drainage system. The use of 
mineral oil to prevent gas exchange was not satisfactoty because the loss of CO 2 
was not completely prevented, but no better metliod was available for making 


^ The preoperative treatment of tlie patients was tlie same in all cases except 
one (noted below) . A light meal was given at 5 p.m, on the preceding day, follow- 
ing which tlie patient received no other food until after tlie operation. An enema 
was given in the morning and was followed, 30 minutes before operation, by the 
usual injection of morphine and atropine sulfates. All of the operations were 
done in the morning, hence tlie collection of the bile had been preceded by 15 to 
19 hours of fasting. 

The only deviation from this procedure was made in a case of diabetes (Table 
II, Feb. 27, 192S) when glucose and orange juice were given with 10 units of 
insulin 1 -J- hours before operation. 
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coDtiixuoMS collections over niony tours. In ti few instnuces the hile w as collev.ted 
in sampling tubes over mercury. By comparing these specimens with some 
taken under oil, the error caused by the use of the latter was determined and the 
corresponding correction applied. The maximum change was 0.005 pH per hour 
of exposure to the mineral oil. The specimens from the gall bladder were tested 
at once and did not need correction. 

The pBL was determmedby the use of the qulnhy drone electrode. When enou^ 
material was available the results were checked by means of the hydrogen elec- 
trode. The refill technique described by Cullen (6) was used with the latter, 
Quinhydrone electrode determinations were made by means of the apparatus and 
procedure described by Meeker and Reinhold (7). Results by the two methods 
were practically identical. The average of all determinations by the quinhydrone 
electrode was 0.015 pH less than the average of the hydrogen electrode determina- 
tions on the same specimens. The maximum differences were +0.01 pH and 
—0.05 pH. Some drift of the potentials occurred when the quinh^^drone electrode 
was used in bile, but at a much slower rate than in the case of similar determina- 
tions in blood plasma. Error from this source was overcome by reading the 
potential as quickly as possible after mixing the quinhydrone into the sample. 
It had been demonstrated previously that this precaution eliminated the error 
due to drifting when the method was used for plasma pH determinations. 

EXPERIMENTAL DATA. 

The hydrogen ion concentration of human bile from the gall bladders 
of unobstructed, calculus-free biliary systems varied between pH 7.10 
and 7.30. The figures are given in Table I. There were no apparent 
pathological changes except that three of the gall bladders showed ad- 
hesions. Possibly it is significant that the bile from gaU bladders with 
adhesions was slightly more alkaline than the other specimens in this 
group. Two of the gall bladders showing these changes were tested 
by the Graham method. Both functioned normally, so far as ability 
to concentrate or evacuate the bile was concerned, 

No data for the hydrogen ion concentration of normal human gall 
bladder bile were discovered in the literature. Labbe, De Moor and 
Nepveux (8) determined the pH colorimetrically of diluted bile ob- 
tained by non-surgical drainage of the gall bladder by means of the 
Meltzer-Lyon technique. Their specimens varied between pH 6.6 
and 7.4, Contamination by the contents of the duodenum was inevita- 
ble in samples collected in this way. 

The specimens from gall bladders in which calculi were present were 
dassified according to the presence or absence o{ obstruction oi the bile 
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ducts. The data on unobstructed biliary systems are presented in 
Table II. ^¥ith two exceptions the pH values were either above or be- 
low the normal limits established in Table I. Four of the fifteen speci- 
mens were slightly more alkaline than the highest of the noimal group, 
but a fifth was 0.40 pH more alkaline. Eight were more acid. The 
differences measured from the lowest normal figure, were 0.01 pH to 


TABLE I. 

The Reaction of Human Gall Bladder Bile in the Absence of Concretions 

or Obstruction. 


Date 

Number 

Bile pH 
37.5®C. 

Culture 

Ke marks 

I92T 





Apr. 20 

♦10693 

17.19 


Carcinoma of the stomach 

May IS 1 


7.24 


Adhesions around gall bladder 

Dec. 2 ! 

IP2S I 

12252 

7.10 i 

Negative 


Jan. 15 

12733 

7.13 

Negative 


Apr. 16 

13266 

7.22 

Negative 

' fGall bladder gave normal response 
to test of function. Pericystic 
adhesions 

23 

' 13317 

7.26 

7.31 

Negative 

Normal gall bladder function. Ad- 
hesions 


* Index number of the case history in the records of the University of Penn- 
sylvania Hospital. 

t Emptjdng and concentrating power of the gall bladder as determined by the 
Graham method. 

J The patients had fasted IS to 19 hours. The preoperative treatment was the 
same as in the cases with gall stones or obstruction. 

0.22 pH. The direction or the size of the change in reaction was not 
related to the type of the stone found, nor were there any systematic 
or consistent differences which could be related to the presence of 
calculi. In view of the small number of specimens which wereobtained 
from calculus-free gall bladders, some of the preceding probably repre- 
sent unchanged values. Slight obstruction of the cystic duct, unde- 







JOHK G. KEIKSOU) AND X. KRAAER FERGUSON 


685 


TABLE 11. 

The Reaciion of the Euman Gall Bladder Bile When Concretions Were Present and 
Obstruction Absent or Slight, 


■HH 

mm 


Concretions 1 




PpiHn 

3ne pH .. 



Culture 

Remarks 

Date N 

11) 

57.5'C. 

sumber 

T>*pe* 



J0Z7 

■ 






May 27 

11106 

7.42 

+ 

Cholesterol 


Stibacutc cholecystitis. 


7.42 


pigment 


Acute pancreatitis. 
Gall bladder function 








poor 

June 20 

11155 

7.32 


Cholestero] 

Negative 




7.32 


pigment 



Oct. 19 

12236 

6.88 

24 

Cholesterol 


Chronic interstitial 



6.92 


pigment 


cholecystitis. Gall 
bladder function 

normal 

2S 

11999 

6.94 

8 

Cholesterol 

Step}:, h^mo- 

Chronic interstitial 



i 


pigment 

lyticiis. 

j cholecystitis. Choles- 






Diphthe- 

terol deposits on gall 






roids 

bladder vrall 

Nov. 2 

120Sll 

7.26 

20 

Cholesterol 


Chronic interstitial 

1 


7.33 


, pigment 


cholecystitis. Choles- 



7.34 

1 


i 


terol deposits. Ad- 
hesions to duodenum 

U 

12263 

7.041 

1 I 

Cholesterol * 

Negative 

Acute hemorrhage 



7.061 

1 

i 

pigment 1 


cholecystitis. 

Edema 

Dec. 2 

1226( 

> 6.97 

4*4-4* 

Cholesterol 

Diphtheroids 

Acute pancreatitis. 



6.97 




Gall bladder normal 

2928 







Jan. 15 

1256: 

5 7.18 

16 

Cholesterol 


Chronic interstitial 





pigment 


cholei^-stitis 

Feb. 27 

1313 

4 7.09 

1 

Cholesterol 

Staph. aJb:ts 

Cholesterol deposits on 





(crystals). 

non-hem- 

gall bladder rmlls. 



1 


No pig* 
meat 

olytic 

Function poor 


, — — i: 

physical appearance. Chemical analyses vrere not made, 
t Contaminated vdth blood. 









686 


REACTION OF UUJUN BILE 


TABLE n— Concluded. 


Date 

Number 

DilcpU 

37.5'^C. 

Concretions 

Culture 

Remarks 

1 

Number 

Type 

ms 

Feb. 27 

13034 

7.00 

40-50 

Cholesterol 

pigment 

Negative 

Chronic interstitial 

cholecystitis. Gall 
bladder nearly full of 
stones 

1 

Mar. 29 

13044 

6.99 

+ 

Calcium pig- 
ment 

Negative 

Gall bladder had normal 
appearance 

30 

13261 

7.07 

11 

Cholesterol 

Hemolytic 

Staph, 

^ aureus 

Subacute interstitial 

choice)'^ titis. Choles- 
terol deposits in gall 
bladder 

Apr. 22 ] 

13708 

7.68 

7.70 

++ 

Cholesterol 
' pigment 


Subacute cholecystitis 

May 14 


6.95 

6.96 

++ 

Cholesterol 

Negative 

GaU bladder apparently 
normal 

June 6 1 


7.35 

+ 

- - - 


Negative 

Chronic choiccj’stitis 


tected at operation, may have existed in others and must also be con- 
sidered in explaining these observations. 

In the presence of obstruction the acidity of the gall bladder contents 
was increased (Table III). Complete obstruction of the common or 
cystic duct was characterized by pH values near 6.40. When the 
obstruction was only partial the pH was higher. An exception oc- 
curred in a case of obstruction caused by a carcinoma of the head of the 
pancreas (Table III, July S), in which the gall bladder was almost com- 
pletely atrophied. The specimen, taken from the greatl}'’ enlarged 
common duct, was pigment-free. Its pH was 7.30. Apparently 
tlie obstructed bile was not acidified by the liver; otherwise in this 
instance the usual fall in pH would have occurred. Instead it was 
dependent on the presence of the gall bladder and must have happened 
within the latter organ. Neither was the increased acidity a result 
of meclianical irritation by concretions in the gall bladder. Table III 












TABLE m. 

The Reaction oj Bile from the Eutnen Gall Bladder FoJlo-adng Obstruction of the 
Common or of the Cystic Ducts* 


Date N 

i 


Concretjons 

Oollure 

Keroarka 

f.5^ 

I’umbei 

Type 

m? 

June 27 

11338 < 

6.37 

6.40 

3 

Cholesterol 

pigment 

Negative 

I^gment'free ”white 

bUe.” Cystic duct 
obstruction. Acute 
cholec>*stitis 

July 8 

11291 

7.30 

0 



Cardnoma of head of 
pancreas. Gall blad- 
der atrophied. 

Specimen taken from 
cystic duct. Pig- 

ment-free 

Nov. 8 

1 

1206S 

6.82 

6.83 


Cholesterol 

pigment 

B. coU com- 
munis 

Acute cystic duct ob- 
struction. iilarked 
edema, Spedmen 
practically colorless 

17 

12126 

6.44 

+ 

Cholesterol 

pigment 

Diphtheroids. 

clhiis 

Chronic cholecystitis. 
Complete obstruction, 
Spedmen was colorless 

16 

12340 

6.77 1 
6.79 

40 

Cholesterol 

pigment 

1 Negative 

! 

Subacute interstitial 
cholecystitis. Par- 
tial obstruction 

16 

12135' 

6.70 


Cholesterol 

pigment 

J5. a>Ji com' 
munis 

Nearly complete ob- 
struction. Edema, 
BUe contaminated 
slightly with pus 

30 

JP2« 

' 12251 

■ 6.79 

2 

Mtmy 

crys- 

tals 

Cholesterol 

Negative 

Acute choletystitis 

Partial edematous 

obstruction 

Feb. 2: 

• TT^ 

2 1283 

0 6.61 

a . . 

1 

Soft sedi- 
ment. 
Cholestero 
crystals, 
pigment 

B. coU com-- 
munis 
il 

Chronic and acute 
cholecystitis. Thick- 
ened diseased gall 
bladder with atBie- 
sjons. Partial ob- 
struction of cystic 
duct 


• Unless stated to tic contran- tic site of obstniction was ia the common duct. 


6S7 
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TABLE m.~Co7icludci. 


Date 


BUepH 

Concretions 

Culture 

Remarks 

N^iimber 


Numbei 

Ty'pe 

Mar. 7 

13092 

6.43 

4 

Cholesterol 

Negative 

Chronic interstitial 

cholecystitis. Par- 
tial cystic* duct ob- 
struction. Gall blad- 
der walls tliickcncd. 
Adhesions. Pale yel- 
low bile 

23 1 

1 

13098^ 

6J0 1 

j 

i 

2 

1 

Cholesterol | 

1 


Acute cholecystitis. 

Incomplete obstruc- 
tion. Bile had light 
green color 

29 


6.60 

+ 

1 

1 

Tar-like sedi- 
ment 

1 Negative 

I 

i 

Carcinoma of papilla of 
Vater. Nearly com- 
plete obstruction. 

Yellow incrustation 
on gall bladder wall. 
Yellow bile, low pig- 
ment concentration 

Apr. 23 

13578 

! 6.40 

12 

Cholesterol 

pigment 

5. coil com- 
munis 

Complete obstruction of 
c>^tic duct 

June 4 


6.S7 

36 

Calcium pig- 
ment 

Negative 

Partial obstruction of 
cystic duct. Thick- 
ened gall bladder wall 
with lesions 


includes a case QVJar. 29), in wiiidi the common duct was blocked by a 
carcinoma of the papilla of Vater. The gall bladder appeared to be 
normal and no concretion was present, although a small amount of 
sediment had collected in the fundus. The pH of this bUe was 6.60, 
a figure which corresponded well with those obtained when the same 
degree of obstruction had been brought about by gall stones. 

The result of the obstruction so far as change in the acidity of the bile 
was concerned, did not differ when the site of the obstruction was in the 
cystic duct. In either event the effect would be to oppose the expul- 
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sion of the contents of the gall bladder v?hile interfering to a lesser 
extent with the flow of bile into the gall bladder* As a consequence 
the time during which the bile was acted upon would be lengthened 
and changes in composition accentuated. The higher acidity of the 
contents of the completely obstructed gall bladder, therefore, can be 
explained best as being a result of the prolonged exposure to the action 
of this organ. These specimens were characterized by low concentra- 
tions of pigment and solids. The \nscosity was greatly increased. 

The acidification of the bile was not related to the presence of micro- 
organisms. More than 50 per cent of the pathological specimens were 
sterile, yet gave results identical with those obtained when infected 
specimens were studied. 

Fistula Bile . — ^Additional evidence concerning the changes in the 
reaction of human bile was secured by collecting simxiltaneously 
samples of bile from the gall bladder and from the common duct. Bile 
from the gall bladder was obtained from a drainage tube inserted into 
the fundus. Common duct bile was collected from a common duct 
fistula.- 

A sufficient number of specimens was obtained to show that after an 
initial period of recovery from the operation, the bile from the gall 
bladder was definitely more add than that from the common duct 
(Tables IV and V). Shortly after the operation the difference was 
small or non-existent. As the condition of the patient returned toward 
normal, the bile from the gall bladder remained at the same pH or 
increased slightly, while the pH of the common duct bile increased 
appredably. Finally when a light general diet had been resumed 
and recovery was well under way, the bile from the former was more 
add than the latter by from 0.04 to 0.24 pH. Because of the smaller 
output of the gall bladder fistula and the longer drainage tubes re- 
quired, the probability of error due to loss of CO 2 was greater for 
these specimens than for those from the common duct fistulas. Con- 
sequently such errors would dimimsh the difference between the hydro- 
gen ion concentrations of the bile from the two sources and would tend 
to obscure the changes which had taken place. 

*The collection of bile was made under approdmatdy sterfle conditions. 
Together with the short intervals at which the spedmens were collected this 
^onld have eliminated any significant error which might have been caused bv 
bacterial action. 



TABLE IV. 

The Rcaclion of Bile Collected Simultaneously from Common Duct and Gall Bladder 

Fisiulx. 


Date 

Time 

Gall bladder bile 

Common duct bile 

Did 


Volume 

pH 

Volume 

pH 

Av, pH 
for24 hn 



1027 

Nov, 

16 

hrs. 

cc. 

3S’C. 

(3.78 

cc» 

JJ"C. 



*No 12340 

Liquid diet 

17-18 

18 

m 

12 



145 

140 

6.86 

6.89 



Night 

Day 

18-19 

19 

12 

12 

68 

6.95 

130 

117 

6.90 

6.95 

6.92 

+0.03 


19-20 

20 

12 ' 
12 

1 

65 

6.96 

85 

146 

6.95 

7.11 

7.05 

-0.09 


20-21 1 
21 

12 

12 

68 1 

6.96 

132 

188 

7.06 

7.19 

7.14 

-o.isj 

Soft diet 

1 

21-22 

22 

12 

12 

' 85 

7.00 

[ 

159 

219 

7.19 

7.27 

1 

j 

7.24 

-0.24 


22-23 

23 

12 

12 


7.08 

85 

155 

7.26 

7.22 

7.23 

-0.15 

Drainage tubes 

clamped 12 hrs. 
Plasma pH 7.39 

23-24 

24 

12 

12 


7.08 

107 

65 

7.23 

7.26 

7.24 

-0.16 

Drainage tubes 

clamped 12 hrs. 

25 

25-26 

12 

12 

53 

7.14 

58 

45 

7.35 

7.35 

7.35 

-0.21 

Drainage tubes 

damped 12 hrs. 
Plasma pH 7.38 

28 

i 

2h 

i 




7.27 

7.43 

7.31 



Before breakfast 

After breakfast 

After preceding 

29 

X 

‘j 

5 

2 




7.37 

7.35 

7.39 



Before breakfast 

After breakfast 

After preceding 


* See Table III, Nov. 16. 

t The specimens were collected over intervals varying between 2 and 6 hours. 
In order to save space and to make the data more accessible the results have been 
expressed in terms of 12 hour periods beginning at 8 a.m. and S p.m. The same 
applies to Table V. 
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The ingestion of a test meal in one instance was followed by an 
alkaline tide in the bile during a hour period. A similar experiment 
on the following day, in which the collection of the postprandial speci- 
men was extended over 5 hours, failed to show a significant change. 


TABIJE V. 

Tht ReacHoji of Bilefmn Comvyon Duct and GaJl Bladder Fisiids, 



■i 


Commoa duct bile 

Dim. 


Date 

Tmie 

Volume 

pH 

Volume 

pH 

Av. pH 
ioz2i hn. 

pH 


1927 


cc. 

JS'C. 

cc. 

3S*C. 




Kov. 

17 

19 

19-20 

12 

i 12 

1 


6.44 

60 

6.83 

6.81 



♦No. 12126 

Day 

Night 

20 

20-21 

1 12 

12 



215 

140 

7.01 

6.96 



liquid diet 

i 

21 

21-22 

12 

12 

! 

1 

6.94 

155 

1 139 

1 

6.97 

7.03 

7.00 

-0.06 


22 

22-23 

12 

12 1 

61 

6.97 

95 

150 

7.03 

7.10 

7.07 

-0.10 

Soft diet 

23 

23-24 

12 

12 

21 

6.97 

123 

171 

6.94 

7.06 

7.01 

-0.04 

Drainage tubes 

clamped 6 hrs. 

24 

24-25 

12 

12 



153 

7.03 

7.06 



Plasma pH 7.34 

25 

12 


6.98 

75 

7.06 


-0.03 

1 


* See Table m, Kovember 17- 


The reaction q£ the common duct bile in the few comparisons made was 
slightly more add than that of the blood. 

DISCUSSION. 

Under certain conditions marked changes occurred in the hydrogen 
ion concentration of the gall bladder bile. From the data presented 
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it is apparent that these were not associated with the presence of con- 
cretions in the gall bladder. While deviations from the “normal” 
reaction were observed in almost every instance when gall stones were 
present, it seemed improbable that these changes were of sufficient size 
to influence solubility relationslups. However, it was possible that the 
formation of calculi was caused by transitory changes in the acid-base 
balance of the bile or by a succession of such changes. It would then 
be unlikely that more than a few of the specimens in Table II would 
vary much from the normal values. Actually only one specimen 
showed a large difference, although six others differed from the lowest 
or highest normals by more than 0.10 pH. The acid character of 
several specimens of this group was probably the result of the same 
causes which increased the acidity of the bile during obstruction. 

The pronounced increase in the acidity of bile following obstruction 
of the ducts coincided with the observations made by Drury, Mc- 
Master and Rous (1) on the pH of the gall bladder bile of dogs in 
which stasis had been induced experimentally. Obstruction in- 
creased the time during which the bile was exposed to the action of the 
gall bladder. If the latter was able to acidify its contents, those speci- 
mens which had been exposed to its action for a long time would neces- 
sarily have become more acid than those which had been expelled with 
less delay. Consequently complete obstruction was accompanied by 
the greatest acidification. Several additional facts supported the 
conclusion that it was the gall bladder which brought about the change 
in the reaction of the bile, klost conspicuous was the failure of the 
biliary system to acidify the bile when the gaU bladder was absent 
(atrophied). Of even greater significance was the consistently higher 
hydrogen ion concentration in bile from a gall bladder fistula when com- 
pared with that from a common duct fistula, collected over the same 
time interval. That the changed acidity was not the result of the irri- 
tating action of the calculi was shown by the occurrence of identical 
changes in obstructed calculus-free gall bladders. Infection was ruled 
out by similar reasoning. 

While it seemed quite certain from the foregoing that the gall bladder 
altered the hydrogen ion concentration of the bile, this should not be 
allowed to obscure the possibility that the acid bile found in the gall 
bladder following obstruction was secreted as such by the liver either 
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as a result of damage to that organ or in an attempt to increase the 
solvent power of the bile. The acidity of bile coming through a com- 
mon duct fistula from the liver was greatest after severe obstruction 
of the common duct, and some of this acid secretion must have entered 
the gall bladder. In cystic duct obstruction, however, there was no 
injury to the liver and the secretion and composition of bile from the 
liver presumably was not affected. Since the change in reaction of 
the gaU bladder contents was the same in direction and degree after 
obstruction of the cj^stic duct as it was after common duct obstruction, 
the changes which occurred must have been accomplished by the gall 
bladder. 

No e\ddence is available concerning the means by which the contents 
of the gall bladder are made add. Absorption of material from the bile 
by this organ as shown by a decrease in solids (unpublished data) is 
one probability, while secretion by the gall bladder as reflected by the 
increased viscosity of the contents likewise may have had a part in the 
changes which occurred. WTiatever the mechanism, it is apparent 
that even marked pathological changes did not prevent it from func- 
tioning. The significance of the variations in the hydrogen ion concen- 
tration of the bile remains obscure. It is hoped that solubility studies 
now in their preliminary stages in this laboratory will assist in 
establislung their relation to calculus formation. 

StmtARY. 

1. The human gall bladder acidifies the bile. In this respect its 
action is sunilar to that of the gall bladders of lower animals, pre- 
viously described by other workers. 

2. The hydrogen ion concentration of gall bladder bile is increased 
considerably in cases of obstruction of the common or cystic ducts. 
The highest values were found following complete obstruction, 

3. The occurrence of gall stones was not associated with a con- 
sistent change in the hydrogen ion concentration of the gall bladder 
bile. 

The authors wish to thank Dr. E. L. Eliason and his assistants at 
the University of Pennsylvania Hospital, whose generous cooperation 
made possible most of the work reported in this paper. We are in- 
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debted also to Dr. Hubley R. Owen and Dr. P. A. McCarthy of the 
Philadelphia General Hospital for several of the specimens. 
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DIFFERENTIATION BETWTiEN SOME TOXIC SUBSTANCES 
IN ANAEROBICALLY PRODUCED AUTOLYSATES OF 
PNEUMOCOCCI (TYPES I AND IL). 

By JULIA T. PARKER. 

{From the Dcporimenl 0 / Pathology, College of Physicians and Surgeons, Columbia 

University^ Nav Yorh^ 

(Received for publication, Januar>" 22, 1929.) 

In preceding papers (1, 2), it was shown that anaerobically produced 
autolysates of pneumococci cause necrosis when injectedintradermally, 
and marked l\mg lesions and death when injected intratracheally, into 
small guinea pigs. In the present study, I wish to describe experi- 
ments made to determine whether or not the necrotizing and the 
limg-toxic effects are due to the same or to different substances present 
in these autolysates. 


EXPEEMENTAL. 

Preparation of the Poisonous Anfvlysafes, 

The method of preparation of the toxic autolysates has been described in detail 
in previous papers (1,2). Briefly, the method is to autolyze in fresh broth at room 
temperature under vaseline seal, the centrifuged pneumococci obtained after 18 
hours grovrth on double strength veal infusion broth vrhich contains 4 per cent 
Witte peptone. The Berkefeld filtrates of these autolysates are toxic for both the 
skin and the lungs of young guinea pigs and both these toxic efiects can be pre* 
served ivithout deterioration when such filtrates are kept in the ice box under 
vaseline seals. 

Beat Lahiliiy of the Toxic Autolysates for the Lungs of Guinea Pigs. 

In a previous article it was shown that the necrotizing principle 
was completely destroyed when heated to 60° for 5 minutes under 
vasehne seal. It was found that under these same conditions the 
lung-toxic principle was also destroyed. Guinea pigs injected intra- 
tracheally with 0,2 cc. of the heated autotysate did not appear sick at 
any time and did not die spontaneously. Several of these pigs were 
^ 695 
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killed with ether 1 to 3 days after the injection of heated poison, and 
all showed at autopsy a small red patch of consolidation in one or 
more lobes of the lungs near the hilum, but never the diffuse lesion 
caused by the unheated autolysates. 

Sensitiveness to Oxidation of the Toxic Autolysates for the Lungs of 

Guinea Pigs. 

It was noted in a previous paper that the skin-necrotizing poison in 
the autolysates was extremely sensitive to oxidation and deteriorated 
rapidly when exposed to the air. We found that the lung-toxic 
substance also weakened quickly after removal of the vaseline seal, 
even when the tubes containing the preparations were kept in ice 
water. A few experiments were made with aerobically prepared 
autolysates, — autolysates prepared exactly like the anaerobic autoly- 
sates, except that the pneumococci were autolyzed without the vase- 
line seal and the filtrates preserved in the ice box were also without a 
vaseline seal. These aerobically prepared autolysates produced no 
skin reaction when injected intradermally and no symptoms or death 
when injected intratracheally into young pigs. In some pigs killed 
after the injection of aerobic autolysates, small areas of consolidation 
near the hilum were noted, similar to those found after the injection 
of heated autolysates. 

Is the Lung-Toxic Product Nentralizable by the Anti-Autolysate Serums 
Which Neutralize the Necrotizing Principle? 

It was shown previously that there was an apparent neutralization 
of the necrotizing principle when necrotizing autolysates from either 
Pneumococcus I or II were mixed in vitro with the serum of rabbits 
immunized against Pneumococcus I autolysates. It was important to 
determine whether the substance or substances which were responsible 
for the death of guinea pigs injected intratracheally with the toxic 
filtrates could also be neutralized by the antiserums which neutralized 
the necrotizing principle. 

The tests for neutralization of the lung-to.^c product were set up in a way similar 
tp our former tests for neutralization of necrotizing substances. These tests were 
caxHed out as follows: 0.9 cc. of a well chilled necrotizing filtrate was placed in 
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eada oi three naixov? test-tubes. To the first tube vras added 0,1 cc, of the anti- 
serum; to the second tube 0.1 cc. of normal rabbit serum; and to the third the 
same amoimt of broth. The contents of the tubes were well mL\ed, and a heavy 
vaseline seal was then added to each tube. After standing at room temperature 
for 1 hour, the tubes were again chilled, the vaseline seals removed, and the prep- 
arations in amounts of 0.25 cc. were injected intratracheally into small guinea 
pigs of approximately equal weights. The results of these experiments were clear- 
cut, The pigs whii received the toxic autol>’sate and immune serum showed 
no symptoms and stirvived. The other two pigs died with the usual symptoms 
and the autopsy findings were t>*pical. This experiment has been repeated several 
times and always with the same results. 


TABLE I. 



Toxicity for 
guinea pigs’ 
lungs. 0.2 cxL 
injected intra- 
tiacbeally 

Toxicity for 
ginneu pigs* 
sVin. 0.1 cc. 
injected intra- 
cutaoeously 

Necrotizing filtrate 

■MMi 

-j— j— f- 

Adsorbed with red cells ' 

0 

i 


These experiments have been repeated with two potent anti-autolysate horse 
serums. These serums in amounts of 0.0002 cc, neutralized at least one lethal 
dose of the lung-toxic autolysates, v:::.— 0.1 cc of these serums diluted 1-100 
neutralized 0.9 cc. or more than five lethal doses of the toxin. (These last experi- 
ments will be given in detail in a later publication,)' 

From the fact that the anti-autotysate serum prepared with T3T)e I 
neutralized the lung-toxic action of the autolysates of both Pneumo- 
coccus Type I and Type n, it is evident that the lung-toxic poison, 
like the pneumococcus necrotizing poison, is antigenically similar for 
both Types I and II and is therefore not type-specific. 

These experiments seem to show that the necrotizing and Ixmg-toxic 
poisons in the anaerobic autolysates are similar in their sensitiveness to 
heat and to oxidation and in their ability to be neutralized by the same 
anti-autolysate serums. 

^ These horses were immunized to the autolj^te filtrates at Eli Lilly Co., in 
Indianapolis, under the supervision of Mr. W. A. Jamieson. 
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Toxicity of Red Cell-Adsorbed Autolysates for the Lungs of Guinea Pigs. 

In a preceding paper, it was shown that necrotizing filtrates from 
which the hemotoxin had been removed by adsorption with red cells, 
were just as toxic for the skin of guinea pigs as untreated autolysates. 
It seemed of interest to determine whether or not such treatment had 
any effect on the toxicity of these autolysates for guinea pig lungs. 

Accordingly guinea pigs of approximately equal weight were injected intra- 
tracheally with 0.2 cc. of necrotizing filtrates or the same filtrates which had 
just previously been adsorbed with red cells. Six different autolysates were tested 
in this manner. All the guinea pigs whicli received the untreated autolysates 
died with characteristic symptoms and autopsy findings, while none of the pigs 
which were inoculated with adsorbed autolysates showed any symptoms or died. 
Five of the latter pigs were killed with ether from 1 to 3 days after the injection, 
and at autopsy showed very much the same picture grossly as the pigs which had 
been injected intratracheally with the heated toxin described before. None 
showed the diffuse pneumonia regularly found in control animals. The consolida- 
tion about the hilum was, however, more extensive than in the pigs given heated 
toxin. All autolysates, both treated and untreated, were tested each time for 
necrotizing activity by inoculation into guinea pigs’ skin and always proved to be 
equally toxic for the skin. These last e.xperiments are summarized in Table I. 

It is evident from these experiments that the substance or substances 
in the necrotizing autolysates, which when injected intratracheally 
bring about marked symptoms and death of guinea pigs, had been re- 
moved or inactivated by treatment with the red cells. Am important 
question to be answered was whether or not the toxic substance for 
the lungs wliich had been removed was the pneumococcus hemotoxin, 
which is known to be adsorbed by red cells. 

Toxicity of Pneumococcus Hemotoxin for the Lungs of Guinea Pigs. 

To investigate this point, we produced pneumococcus hemotoxin by 
the freezing and thawing method of Avery and Neill (3) and inocu- 
lated the filtrates of these extracts, which were strongly hemolytic, 
intratracheally into guinea pigs. As a general rule, these hemotoxin 
preparations caused no symptoms and only slight lung involvement 
when injected intratracheally. However, we have obtained two prepa- 
rations which were toxic for the lungs of guinea pigs, causing a dif- 
fuse lesion similar both macroscopically and microscopically, to that 
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caused by a -weak lung-toxic autolysate. It is probable, therefore, that 
the pneumococcus extracts do occasionally contain the lung-toxic 
poison in considerable amounts. That the lung-toxic action of our 
autolysates is not due to the hemotoxic properties of the hemotoxin 
itself seems probable from the fact that no evidence of hemolysis was 
seen in the sections of the lungs of the pigs injected with the toxic 
autolysates and that the lung-toxic action of an autolysate may be 
neutralized by quantities of anti-autolysate serums which have no 
eSect on the hemotoxin. (This last point will be brought out in 
greater detail in a later paper.) We have also found no definite 
parallelism in our autolysates between the toxic action for lungs of 


TABI.E n. 


Tone products in anccroblc autolysates 

, Present in 

I aerobic 
autolysates 

Present in 
anaerobic 
autolysates 

i Present in 
; frozen and 
thavred 
pneumo- 
coccus 
extracts 

1 Present in 
anaerobic 
autolysates 
adsorbed 
with red 
cells 

Hemotoxin 

0 

-f 

O- 

0 

Skin-toxic: 

0 

0 

0 

Lung- toxic * 

0 

+ 1 






guinea pigs and the amount of hemotoxin such autolysates contain. 
We think it probable, therefore, that the pneumococcus hemotoxin 
present in the autolysates is not responsible for either the dyspneic 
symptoms, or the death with marked lung lesions of guinea pigs 
injected intratracheally with the to:dc autolysate, but that prepara- 
tions of hemotoxia, produced by the freezing and thawing method, 
may contain definite amounts of the lung-toxic product. 

It seems dear, therefore, that although the necrotizing and lung- 
toxic prindples in the autolysates are similar in several respects, they 
differ in the important point that the necrotizing poison is not inacti- 
vated or adsorbed by red cells as is the lung-toxic prindple. This 
fact appears to prove that the necrotizing and lung-toxic prindples 
are separate entities. These facts are summarized in Table II. 
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CONCLUSIONS. 

The necrotizing and lung-toxic principles present in certain anae- 
robically prepared autolysates of Pneumococcus Types I and 11 are 
similar in respect to extreme sensitiveness to heat and to oxidation, and 
to their ability to be neutralized by the same anti-autolysate serums. 

These two poisons differ, however, in their ability to be adsorbed or 
inactivated by red cells; the lung-toxic principle being adsorbed or 
inactivated by such procedure while the necrotizing principle is not. 

Since pneumococcus hemotoxin is present in the anaerobic autoly- 
sates and is also adsorbed by red cells, it seemed possible that it was 
this substance in the autolysates wliich caused the diffuse lung lesions 
and death of guinea pigs. However, it was found that the intra- 
tracheal injection of pneumococcus hemoto.xin prepared by the method 
of Avery and Neill only occasionally produced the characteristic reac- 
tion caused by the intratracheal injection of the anaerobic autolysates. 
From these experiments we believe, therefore, that the necrotizing and 
lung-toxic principles, and probably the pneumococcus hemotoxin 
also, are all separate entities in the anaerobically produced autolysates 
described. 
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SURVB^AL OF THE VIRUS OF POLIO’ilYELITIS FOR 
EIGHT YEARS IN GLYCEROL. 

By C. P. RHOADS, M.D. 

{From the Laboratories of The RochcJcUer Imtitutefor Medical Research.) 

(Received for publication, December 7, 1928.) 

The occurrence of epidemics of poliomyelitis raises the question of 
the length of time which the etiological agent or virus of the disease 
will survive outside of the animal body. The power of this virus to 
resist adverse conditions is of interest not only because of its relation 
to the natural history of the disease, but also in view of the possible 
application of such information to esperimental methods. It was 
therefore considered worth while to record an instance of the survival 
of poliomyelitis virus for 8 years in glycerol, particularly since the 
infeclivity of the material remained almost unchanged during this 
period. 

The mechanism responsible for the epidemic nature of the disease 
has aroused considerable speculation- Flemer and Amoss (1) have 
pointed out the great variation in the infecting power of a strain 
of virus much used in esperimental work. They (2) suggested that 
the ability oi the virus to survive a long time in mild antiseptics 
might indicate that a recrudescence of poliomyelitis in a given locality 
was due to renewed activity of virus which had been dormant since 
a previous epidemic. 

Many attempts have been made to immunize monkeys against polio- 
myelitis by the use of attenuated virus. The methods used to de- 
crease the infectivity of the material, while preserving its antigenic 
power, have usually been based on the use of chemical or physical 
agents, such as phenol, glycerol, heat, and drying. The results have 
almost always been disappointing, due to the fact that a certmn 
number of animals contracted the disease during the treatment de- 
signed to immunize them against it. Such faUures were probably 
caused by the extraordinaiy resistance shown by some samples of 
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virus. The persistence of infectivity after long exposure to glycerol 
is an indication of the hazard of attempts to immunize human beings 
by the use of virus attenuated by the ordinary methods. 

The possibility of exposing poliomyelitis virus to mild antiseptics 
over long periods is important also from its application to the views of 
those investigators who consider tliat the disease is due to a strepto- 
coccus. Although Long (3) has cultivated streptococci from pieces 
of brain tissue which had been kept in 50 per cent glycerol for 303 
days, it seems improbable tliat the organisms could suridve in the 
chemical for a period of 8 years. Needless to say, the material used 
by us was cultured and streptococci proved absent before it was inocu- 
lated into animals. 

The first report of the sunfival of poliomyelitis virus in glycerol is that of Flexncr 
and Lewis (4), published in 1910. These investigators kept the material in 50 per 
cent glycerol for 7 days and then found it infections for a monkey. In tlie same 
3 'ear, Romer and Joseph (5) stated that they had produced poliomyelitis in mon- 
keys with material which had been kept in 100 per cent glycerol for 5 months. 4 
years later, in 1914, Flexner, Clark, and Amoss (6) described an experiment in 
which spinal cord was kept 25 months in 50 per cent glycerol, after which it pro- 
duced tlie disease when inoculated in a monkeJ^ Fle.xner and Amoss (7), in 1917, 
recorded tlie successful transfer of virus which had been in gb^cerol for 6 years. 
In this case, repeated inoculations of large doses were required to infect tlie ani- 
mal, and the authors felt that there had been a definite decline in virulence of 
the virus. 

In the course of investigations on poliomyelitis at The Rockefeller 
Institute, specimens of the central nervous systems of monkeys whicli 
succumb to the disease are removed under rigid aseptic precautions, 
cut in pieces about 1 cm. in diameter, and placed in a considerable 
volume of 50 per cent glycerol. Tightly stoppered glass bottles are 
used and tlie stopper covered with tin-foil to prevent evaporation. 
The specimens are kept in the refrigerator at a temperature of approxi- 
mately 4°C. The glycerol used is free from oxalates and sulfates. 

The material employed in the following experiment was a mixture 
of two strains (M. A. and K.) which had been used for a long time to 
produce experimental poliomyelitis in monkeys (8). The animals 
from which the virus was obtained were prostrate on or before the 
7th day after inoculation. Spinal cords from seven different monkeys 
were pooled before grinding and inoculating. 
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Experw*^ 7 :l i.— October 31. Monkey (^facac^ts rhesus) inoculated intracere- 
brally^ with 1.5 cc. of a 20 per cent suspension of pooled 1920 mixed \’irus. No- 
vember 8, excitement, tremor, and well marked ataxia were noted, with a tend- 
enc>* to fall when jumping about the cage. There was weakness of arms and 
legs, with inability to raise the arms above the head. November 9, the animal 
was prostrate, unable to move either arms or legs, and the respiration was barely 
perceptible. The monkey was killed by ether and the central nervous system 
removed under aseptic precautions. 

Macroscopic examination: The cord was rather soft and edematous. Tiny, 
punctate, hemorrhagic areas were scattered through the cord and medulla. 

hlicroscopic examination: The meninges showed a slight infiltration with lym- 
phocjdes and endothelial cells. Perivasctdar infiltration with ljTnphoc>'tes was 
noted in the cord and medulla. Various degrees of degeneration of nerv'e cells of 
the cord were seen, particularly marked in the anterior horns. Here many ex- 
amples of active neuronophagia were found, and in some places a polymorphonu- 
clear reaction was present around necrotic nerve cells. Some increase in glia 
dements was noted. The intervertebral ganglia showed lymphocytic in- 

filtration and some nerve cell degeneration. 

Experiment 2 . — November 9. hlonkey {Macaciis rhesus) was inoculated in- 
tracerebrally -vrith 1 cc. of a fresh 5 per cent suspension of spinal cord and medulla 
of the previous monkey. November 12, the animal was slow in its movements 
about the cage, was somewhat excited, and shov/ed definite ataxia. November 13, 
weakness of both arms and legs was observed, and the ataxia was more marked. 
November 14, the condition was slightly more marked. November 15, there was 
little change. November 16, the animal was much more excited and weaker, and 
both arms were paralyzed. November 17, the monkey was found prostrate and 
moribund. It was promptly killed with ether and an autopsy performed. 

Macroscopic examination: The cord was somewhat injected and bulged from 
edema when cut. Scattered, small, soft hemorrhagic areas were found \mevenly 
distributed throughout its length and the medulla. 

hlicroscopic examination: Fairly well marked lymphocytic reaction was present 
in the meninges. The blood vessels were congested. Perivascular infiltration 
with bmphoc^-tes was present throughout the cord and medulla. The nerve cells 
of the cord showed marked degenerative changes, ranging from slight to complete 
dissolution. A sharp reaction of lymphocytes and mononuclear cells about the 
degenerated nerve cells was present. The interv^ertebral ganglia showed diffuse 
l>Tnphoc 3 *tic infiltration. 

The \irus was passed through three more animals in series, with gradually de- 
creasing doses. All the animals were prostrate within 8 days, even when injected 
with a dose as smaU as 0.2 cc. of a Berkefdd filtrate of a 5 per cent suspension. 
The gross and microscopic changes, as well as the s^Tnptoms produced, were in 
all instances characteristic. 


* All monkey inoculations were carried out under ether anesthesia. 
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DISCUSSION. 

In a paper by Flexner and Amoss, in whicb tlie successful trans- 
mission of poliomyelitis material tept for 6 years in glycerol was de- 
scribed, appreciable difficulty was experienced in obtaining infection 
in tlie first monkeys inoculated. A considerable length of time inter- 
vened between the introduction of the nervous tissues and the de- 
velopment of symptoms. In several instances, repeated injection of 
virus was required to produce tlie disease. These facts were recorded 
in order to emphasize the long survival as well as reduction in acthnty 
of the virus following tlie long glycerolation. In view of the results 
described in this paper, in which tlie virus has been shown to maintain 
maximal potency after glycerolation for 8 years, the attenuating action 
of tlie chemical may well be questioned. That tlie specimens of virus 
should have retained the original high infectivity so that on the first 
inoculation of the glycerolated tissues the monkeys should have de- 
veloped t 3 q)ical symptoms and lesions of experimental poliomyelitis 
is not only an unusual occurrence but perhaps one of epidemiological 
significance. 

CONCLUSIONS. 

1. An instance of successful inoculation of poliomyelitis virus after 
preservation for 8 years in 50 per cent glycerol is reported. 

2. The virulence of the material injected remained essentially un- 
changed during this period. 

3. The fact that poliomyelitis virus will survive in glycerol for so 
great a period may be taken as furtlier indication of the improbability 
of streptococci as the inciting organisms. 

4. Poliomyelitis virus would seem to vary in its resistance to 
glycerolation. 

5. The remarkable persistence of active virus outside of the body 
may have a bearing on the epidemiology of poliomyelitis. 
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